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General  Introduction 

Our  knowledge  of  the  activities  of  mature,  infective 
larvae  of  the  hookworm  has  been  founded  almost  entirely  upon 
laboratory  experiments  and  observations.  Length  of  life 
studies  on  the  larvae  were  made  by  keeping  sheathed  forms 
in  water,  usually  in  closed  containers.   These  experiments, 
for  the  most  oart,  I'lere   carried  on  in  the  sub-tropics  or  in 
temperate  regions.   Under  these  conditions,  they  have  been 
reported  to  have  lived  for  more  than  one  year,  and  it  was 
believed  that  they  could  live  as  long,  or  even  longer  in 
the  soil.   The  conception  of  the  danger  of  the  spread  of 
the  larvae  in  the  soil  was  founded  largely  upon  studies  of 
the  behavior  of  ensheathed  larvae  when  mounted  in  water,  or 
■water  and  soil,  on  glass  slides,  and  examined  microscopically. 
Their  lively  movements  under  these  conditions  established  the 
idea  that  their  habits  were  similar  in  the  soil  and  that  large 
areas  could  become  infested  from  small  centers. 

Due  to  many  difficulties  encountered,  definite  informa- 
tion on  the  activities  of  hook'.vorm  larvae  in  the  soil  was  al- 
most unattainable.  However,  after  the  discovery  by  Baermann 
in  Suraatra  of  an  apparatus  with  which  hookworm  larvae  could  be 
isolated  from  considerable  quantities  of  soil,  the  entire  attack 
on  the  study  of  the  hook-florm  has  been  changed.   This  apparatus. 


with  slight  modifications,  has  made  it  possible  to  accurate- 
ly study  the  developraent  and  activities  of  infective  hookworm 
larvae  in  their  natural  environments.   Such  studies  were  car- 
ried on  from  March  1921  to  April  1923;  under  the  tropical 
conditions  of  Trinidad  and  Porto  Rico,  West  Indies,  during 
the  siommer  of  1921  and  1922,  and  in  Baltimore  during  the  falls 
and  winters  of  this  period. 

These  studies  have  shown  that  many  of  our  former 
conceptions  concerning  the  biologj'-  of  mature  hook-worm  larvae 
are  erroneous  and  that  a  revision  of  these  ideas  is  necessary. 
The  length  of  life  of  mature  larvae  was  found  to  be  much  more 
limited  than  was  formerly  supposed  and  under  tropical  condi- 
tions, an  almost  complete  dying  out  occurred  in  less  than  two 
months.   It  was  also  found  that  mature  larvae  become  unsheathed 
in  the  soil,  a  phenomenon  which  was  supposed  to  occur  only  at 
the  time  of  penetration  of  the  skin  of  the  host.   This  casting 
of  the  sheath  was  found  to  be  significant  in  that  it  immediately 
renders  the  larva  more  susceptible  to  adverse  conditions  and 
functions  in  reducing  soil  infestation.   It  was  also  shoYm  that 
the  infective  larvae  do  not  migrate  from  places  of  development. 

The  difference  between  these  results  and  those  of 
former  investigators  can  be  explained  by  the  fact  that  the  use 
of  the  Baermann  isolation  apparatus  made  it  possible  to  study 


the  larvae  under  natural  conditions. 

I  wish  here  to  express  my   thanks  to  the  various 
members  of  the  Trinidad  and  Porto  Rico  expeditions  for  their 
cooperation  and  suggestions  during  the  course  of  this  work; 
and  to  the  International  Health  Board  of  the  Rockefeller 
Foundation  for  making  the  studies  in  the  tropics  possible. 

To  Dr.  Vifilliam  W.  Cort,  under  whose  direction 
this  work  has  been  carried  on,  I  wish  to  express  my  apprecia- 
tion for  his  continued  interest  and  helpful  criticism. 
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I.  3XP3RBENTS  ON  TH3  MIGRATION  OF  HOOOOM  LARVAE  IN  SOII£. 

Historical  Account. 

Until  Baermann  (1917)  devised  an  apparatus  "jrith 
"I'/'hich  hookworm  larvae  could  be  successfully  isolated  from  the 
soil,  little  or  nothing  -./as  known  of  their  activities  under 
natural  conditions.   Throughout  the  literature,  one  is  im- 
pressed with  the  idea  that  the  infective  hooksTorm  larvae  may 
actively  migrate  for  considerable  distances,  and  may  thus  give 
rise  to  infestation  far  from  the  place  irhere  the  eggs  '.rere 
originally  deposited. 

Claude  A.  Smith  (1903,  p.  710;  recorded  that  the 
larvae  dart  through  a  sandy  soil  at  a  lively  rate  for  a  few 
minutes  to  half  an  hour  or  mora,  and  then  straighten  out  and 
lie  perfectly  still  for  a  corresponding  length  of  time.  In 
the  report  of  the  Porto  Rico  iVnenia  Commission  (1904,  p.  121; 
the  statement  was  made  that  rain  causes  a  distribiition  of 
larvae,  and  that  this,  together  with  their  natural  motility, 
ma;-  spread  nests  of  soil  infestation  over  a  considerable  area. 
Nicoll  (1917,  p.  163;  in  his  discussion  of  the  hookworm  larvae, 
under  natural  conditions,  made  the  following  stateraent: 
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"The  larvae  ncnT  measure  about  0.6  nun.  in  length  and 
are  very  actively  motile.  Unless  they  have  been  rrashed  a-.vay 
previously  from  the  faeces,  they  now  proceed  to  migrate  to  a 
more  suitable  locality,  namely:  the  nearest  iiirater  pool  or  patch 
of  moist  ground.   Provided  even  a  trace  of  moisture  be  present, 
they  are  capable  of  traversing  considerable  distances  and  may 
thus  give  rise  to  infection  far  from  the  place,  where  the  faeces 
were  originally  depositod.  How  far  and  hovr  rapidly  they  may 
wander  in  this  fashion  is  not  definitely  known,  but  judging 
from  laboratory  experiences  their  rate  is  probably  not  less 
than  five  feet  per  hour,  so  that  in  the  course  of  24  hours, 
they  may  have  "pandered  40  yards.  This  means  that  an  area  of 
5,000  square  yards  might  become  infected  within  24  hours  after 
the  larvae  started  to  migrate,  i.e.,  within  a  week  after  the 
faeces  were  deposited." 

Chandler  (1918,  p.  259)  pointed  out  that  continual 
traveling  in  a  straight  line  vrould  probably  nevar  occur,  but 
that  a  single  stool  containing  hookvTorra  eggs  could  easily  in- 
fest at  least  several  square  yards.  Similar  statements  on 
the  spread  of  hookworm  larvae  were  also  made  by  Ozzard  (1909, 
p.  779j. 

The  first  intimation  that  the  infective  hookiTorm 
larvae  might  be  limited  in  their  distribution  throughout  the 
soil  was  made  by  Price  (1910,  p.  205;.  He  stated  that  in  his 


opinion  sub-soil  pollution  was  not  an  important  factor  in 
hookworm  disease,  becauso   it  appears  inconceivablo  that 
hoolr.Torm  larvae  Tvill  pass  for  any  considerable  distance 
through  a  sand  and  gravel  sub-soil. 

Based  on  the  work  of  these  authors,  the   opinion 
has  becoae  current  that  the   infectiva  hooI<worin  larvae  move 
out  from  canters   of  infestation  and  spread  thenselves   over 
isride  areas.      This  conception  is  founded  largely  upon  the 
study  of  the  behavior  of  the  en capsuled  larvae  when  mounted 
in  water,   or  water  and  soil,    on  glass   slides  or  in  watch 
glasses,   and  examined  microscopically.     To  what  extent  the 
migrations  of  the  larvae   occur  from  definite  infested 
centers  in  soils  of  variovis  types  and  under  varying  condit- 
ions, has  not  yet  been  demonstrated.  The  experiments  v^hich 
will  be  described  in  this  paper  were  carried  out  in  Trinidad, 
British  TJest  Indies,   from  f&y  to  September,   1921,   in  order 
to  gain  inforraation   on  this  very  subject. 

Material  and  Ifethods. 

The  larvae  used  in  these  experiments  were  obtained 
from  cultures   5  to  8  days   old.     A  detailed  account  of  the  method 
used  in  the   preparation  of  the  cultures  is   given  in  number  two 
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of  this  series  (Cort,  et  al. ,  1922,  p.  6;.  The  larvae  wore 
carefully  counted  tinder  the  microscope,  the  16  ram.  objective 
being  used,  when  the  hookrvTorm  larvae  were  mixed  with  other 
nematodes,  and  a  lower  power,  when  they  were  in  pure  culture. 
As  Ancylostoma  duodenale  is  very  rare  in  Trinidad  it  may  be 
asoumed  that  the  larvae  obtained  were  those  of  Necator  aneri- 


Two  sizes  of  pans  were  used  in  the  experiments  on 
migration,  vix. :  (ij  round  tin  dripping  pans,  13  inches  in  di- 
ameter and  4  inches  high,  and  (2)  pudding  pans  6  inches  in 
diamter  and  2  inches  high. 

The  soils  in  which  these  larvae  were  studied  were 
selected  from  the  district  in  which  these  expsriments  vrere 
carried  on,  the  Naparima  District,  which  is  in  the  south  central 
part  of  Trinidad,  They  were  chosen  from  areas  free  from  soil 
pollution,  and  tested  in  the  laboratory  with  the  isolating  app- 
aratus for  the  presence  of  hookworm  larvae  and  free -living  nema- 
todes. None  of  the  samples  were  found  to  contain  hook\Torm  larvae 
and  where  f res-living  nematodes  irere  numerous,  the  soil  was 
heated  to  150°  F.  This  temperature  was  found  to  be  sufficient 
to  kill  all  living  organisms  present  without  altering  the  conp- 
oistion  of  the  soil  itself. 
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The  migrations  of  the  hoot>Tona  larvae  vrece  studied 
in  five  distinct  types   of  soils.      Typo  1  J/as  a  black,   rather 
heavy,    clay  loam  vrhich  contained  so  small  stones.     Type  2  was 
identical  with  type   1,  except  that  it  contained  a  greater 
amount   of  huraus  and  was   lighter.      These  tvfo  soils  are  class- 
ified by  Y/illiaras    (1921,   pp.    106-109;  under  the  lilaparina  Liar  Is 
or  the  Black  Soils   of  the  Maparimas.     Type  3  was  also  a  heavy 
clay  loam  distinguished  by  its   red  color.      It  differed  from 
types   1  and  2,   chiefly  in  its   chemical  rather  than  mechanical 
composition  being  deficient  in   lime  and  having  a  high  percentage 
of  iron.     Type  4  was  a  fine  sand  and  clay  mixture,   light  when 
dry  or  slightly  moist,  but  heavy  and  compact  v/hen  wet.     Type  5 
vras  a  loose  reddish  sand,  containing  only  a  sr.all  amount  of  clay. 

Experiments  on  Active  Migration. 

Table  1  gives  the  data  from  a  series   of  taventy  experi- 
ments to  test  the  active  migrabion   of  infective  hooloffora  larvae 
under  a  variety  of  conditions.      In  all  the  experiments,   sximrnarized 
in  this  table,  the  soils  irrere  placed  to  the  depth  of  1  cm.   in  the 
13-inch  dripping  pans.      The  center  was  then  detei-mined,  marked  by 
a  cord  circle   1  inch  in  diamter,  and  the  larvae  placed  with'-'this 
circle.      This  area  was  termed  Zone  1,    or  the  center  of  infestation. 
iVhen  I  wished  to  close  an  experiment  the  soil  was   further  divided 
into  Zones   2,   3  and  4.     This  was  accomplished  with  an  apparatus 


similar  to  a  doughnut  or  cooky  cutter.   It  consisted  of  three 
stationary  tin  bands  of  sufficient  circumference  to  make  each 
of  these  zones  two  inciTes  wide.   The  soils  of  the  three  outer 
zones  were  transferred  separately  to  units  of  the  large  iso- 
lation apparatus,  without  withdrawing  the  "cutter,"   The 
danger  of  mixing  the  soil  of  one  zone  with  the  next  was  there- 
by reduced  to  a  minimum.  Two  units  of  the  isolation  apparatus 
were  used  for  zone  4,  to  keep  the  amount  of  soil  in  each  unit 
approximately  equal.  The  cutter  was  then  removed,  and  the  soil 
from  the  infestation  center  transferred  to  a  unit  of  the  small 
ioslation  apparatus. 

In  describing  the  moisture  content  of  the  soils  the 
term  "moist"  indicates  a  soil  ^-rhioh  had  a  slightly  sensible 
wetness,  v/-hile  the  terra  "saturated"  denotes  a  soil  which  had 
been  thoroughly  soaked  and  its  surface  fairly  covered  T.rith 
water. 

It  will  be  seen  from  an  examination  of  Table  1,  that 
the  larvae  did  not  manifest  the  migratory  habit  .rhich  has  been 
attributed  to  them,  since  in  no  instance  were  they  found  as  far 
as  four  inches  from  the  cent  jr  in  .vhich  ^hey  were  placed.   In 
only  4  experiments  (Table  1,  nos.  5,7,  17  and  19 J   were  larvae 
recovered  from  the  third  zone,  and  in  each  of  these  oases  less 
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than  2  per  cent,  of  the  total  niinbor  of  larvae  recovered  had 
reached  this  zone.   It  is  also  apparent  that  neither  the  type 
of  soil  nor  the  presence  of  vegetation  enter  as  factors  in  the 
extent  of  active  migration  of  hoob.Tonn  larvae.  A  thick  grassy 
sod  ^-vas  not  available  at  the  time  of  these  exp  riments,  and  in 
order  to  study  the  larvae  under  this  environment  the  soil 
clay  loam  •  was  first  heavily  sown  with  a  mixture  of  oats  and 
wheat.  The  larvae  wore  not  added  to  the  infestation  centers 
until  the  grass  had  fonned  a  heavy  root  system,  and  had  reached 
a  height  of  3  to  4  inches.  No  perceptible  difference  was  ob- 
served in  the  extent  of  mi^^ration  of  the  hookworm  larvae,  v/hen 
exposed  to  direct  sunlight  under  temperatures  varying  from  93  ° 
F.  to  101°  F.  (Experiment  20,  Table  Ij.  The  migration  pan  was 
set  out  in  direct  sunlight  during  the  day  and  returned  to  the 
laboratory  at  night.  At  no  time  was  the  soil  allowed  to  become 
dry.  As  soon  as  a  dry  crust  appeared  on  the  surface  it  was 
evenly  sprinkled  with  -Jirater,  thus  keeping  it  as  uniformly  "moist" 
as  possible.  'While  the  sunlight  had  no  apparent  influence  on  the 
extent  of  spread  of  the  larvae  avray  from  the  infestation  center, 
it  had  an  indirect  effect  on  the  activities  of  the  larvae  within 
that  area  \Thich  is  discussed  in  number  eight  of  this  series. 


-8- 

TABLE 

1. 

Experiments 

on  the  active  migration  of  hoolarorm  larvae.     All 

these 

tests  were  made   in 

the  thirteon-inch  pans. 

Exper- 

No.   lanrae 

Time 

No.   of  H.v:. 

larvae 

iment 
Number 

in  center 
of  infest - 

Type  of  soil 

Conditions 

larvae 
remained 

recovered  from 

Zone 

Zone 

Zone 

Zone 

ion 

in  soil 

1 

2 

3 

4 

1 

800 

Clay  loam 

Moist.sriade 

15  hours 

409 

15 

0 

0 

2 

1,000 

Clay     ■' 

11            II 

16        " 

583 

274 

0 

0 

3 

1,800 

Loose  loam 

11            II 

40 

1,395 

128 

0 

0 

4 

1,000 

Loose      " 

II            II 

15        " 

460 

406 

0 

0 

5 

1,000 

Clay  loam 

II            II 

7  days 

236 

84 

I 

u 

6 

1,000 

Clay     '■' 

II            It 

7   " 

473 

39 

0 

0 

7 

512 

Clay     " 

ii            11 

11   " 

89 

145 

3 

0 

8 

1,100 

Clay     " 

"            " 

21   " 

13 

5 

0 

0 

9 

650 

Clay     " 

n                  II 

42   =' 

1 

0 

0 

u 

10 

525 

Red  clay  loam 

11                  II 

15  hours 

363 

69 

0 

0 

11 

500 

II         „       It 

11                   II 

22  days 

6 

3 

0 

0 

12 

277 

Clay  loam  sod 

II                   II 

7        " 

60 

10 

0 

0 

13 

392 

"          "          " 

II                  II 

21       " 

2 

3 

0 

0 

14 

361 

ti         It          II 

II                  II 

30       '• 

1 

1 

0 

0 

15 

426 

II          >i          II 

II                  II 

37        " 

1 

0 

0 

0 

16 

498 

Sand 

II                  II 

10        " 

61 

40 

0 

0 

17 

451 

Sand 

il                  II 

22       " 

77 

16 

1 

0 

18 

498 

Sand 

II               n 

29       " 

51 

40 

0 

0 

19 

1,300 

Sand  and  clay 

" 

8        " 

199 

174 

5 

0 

20 

500 

Clay  loam 

Moist, dir- 

35 

5 

0 

0 

0 

ect  sun 

Early  in  these  experiments  it  \ms  noted  that  there  occurred  a 
remarkable  reduction  from  the  original  number  of  larvae  placed  in  the 

infestation  centers,  even  after  a  vmek's  time.  It  will  be  noted, 
from  Table  1,  that  this  reduction  increased  with  the  number  of  days 
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the  larvae  remained  in  the  soil.  Here,  as  woll  as  in  other  ex- 
periments made,  a  large  percentage  of  the  larvae  recovered  had  lost 
their  sheaths. 

This  expsrimental  evidence  on  the  failure  of  the  hoolrworm 
larvae  to  migrate  in  the  soil  is  supported  by  similar  findings  of 
Cort  and  Payne  (1922a,  p.  137),  in  their  study  on  the  sources  of 
hookworm  infestation  in  a  cane  field.   Instead  of  finding  a  uni- 
form distribution  of  the  larvae  over  the  total  area  studied,  they 
were  found  to  be  definitely  localized  at  the  places  of  soil  poll- 
ution. Often  frhere  two  soil  samples  were  taken  close  together  one 
would  contain  a  large  number  of  larvae,  while  the  other  would  con- 
tain only  a  few  or  be  even  negative.  As  a  specific  example,  approx- 
imately 1,000  hookworm  larvae  vrare  isolated  from  a  pint  of  soil  taken 
from  a  pollution  spot  15  yards  into  the  cane.  Pint  samples  taken  from 
the  areas  within  a  radius  of  r|  feet  to  2  yards  from  this  yielded  from 
0  to  53  hookworm  larvae  per  sample.  The  environment  here  was  seeming- 
ly in  every  way  favorable  ftjr  migration,  yet  during  the  entire  time 
of  the  investigation,  the  larvae  were  alTrays  found  at  more  or  less 
definitely  localized  spots,  at  the  places  of  soil  pollution.  That 
there  occurs  little  or  no  migration  of  the  hook-'/orm  larvae  even  from 
centers  of  very  heavy  soil  infestation  has  also  been  shown  by  Cort 
and  Payne  (1922  b,  p.  159 J  under  conditions  existing  in  a  cacao  grove. 
The  evidence  from  these  field  studies  and  the  data  from  the  laboratory 
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oxi^eriments  given  above  shcr.r  that  it  will  be  necessary  to  revise  our 
present  conception  of  the  extent  of  the  migrations  of  infective  hook- 
■worm  larvae,  and  make  it  seem  very  probable  that  it  is  only  by  mech- 
anical means  that  hookworm  larvae  can  spread  from  the  place  of  their 
development. 

Tfhen  Places  of  Soil  Infestation  become  Dry.  Do  Hookworn  Larvae 
Migrate  to  More  Favorable  Situations  ? 

To  test  this  point,  a  large  number  of  hookworm  larvae  were 
placed  on  a  small  spot  in  a  13-inch  dripping  pan,  containing  moist 
sand  1  cm,  in  depth.  A  second  area,  to  which  no  larvae  trere  added, 
was  located  8  inches  a^ay  from  the  first.  The  whole  surface  was 
then  evenly  sprinkled  with  water.  T/ater  was  afterwards  added  daily 
to  the  second  area  which  alone  was  kept  constantly  moistened.  Ten 
days  later  all  the  sand  appeared  to  be  thoroughly  dry  except  that  in 
and  around  the  watered  area.  This  was  transferred  to  a  unit  of  the 
small  isolating  apparatus,  and  upon  examination,  proved  to  be  negative 
for  hookworm  larvae.  A  sniall  amount  of  soil  taken  directly  from  the 
original  infestation  epot  was  placed  on  a  glass  slide,  a  few  drops 
of  water  were  added,  and  upon  microscopial  examination  three  shrivelled, 
completely  disorganized  hookworm  larvae  were  found.  The  remaining  soil 
of  this  area  was  then  examined, but  yielded  no  larvae.  This  experiment 
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indicates  that  infective  hoolc./onn  larvae  cannot  migrate  from  a 
drying  area  to  a  moist  area  nearby,  but,  of  course,  needs  con- 
firmation by  a  larger  series  of  experiments. 

Experiments  on  Passive  Migration. 

In  tvro  experiments  made  in  the  same  manner  as  those  sunnn- 
arized  in  Table  1,  except  that  water  -was  added  until  the  surface 
of  the  soils  was  covered,  a  fairly  uniform  distribution  of  the 
larvae  ims  found  in  all  zones.  In  the  first,  with  clay  loam  soil, 
where  500  hoolcworm  larvae  were  added  to  the  infestation  center, 
72  larvae  were  recovered  from  that  area,  70  from  the  second,  17  from 
the  third  and  3  from  the  fourth,  eight  days  after  the  experiment  was 
started.   In  the  second,  with  a  sand  and  clay  soil,  1,300  larvae  vrere 
placed  in  the  center  of  infestation.  Eight  days  later  83  larvae  were 
recovered  from  Zone  1,  271  from  Zone  2,  245  from  Zone  3  and  258  from 
Zone  4. 

As  these  two  above  experiments  differed  from  those  of  Table 
1  only  in  the  amount  of  water  added,  it  seemed  that  in  these  cases 
the  larvae  might  have  been  mechanically  carried  out  of  the  infesta- 
tion centers  by  the  surface  v.'ater.  In  fact,  in  the  exsmination  of 
preparations  in  the  counting  of  larvae,  they  v/ere  often  found  on 
the  surface  film. 

To  determine  the  nimbers  of  larvae  that  might  be  carried 
from  a  given  center  by  this  means,  the  following  exjcsriments  (see 
Table  ZJ 
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TABLE  2 


Showing  number  of  hoolcworn  larvae  carried  in  surface 
film. 


Exp.  No. 

No.  larvae 
used. 

Position  of  larvae 
in  soil. 

No.  larvae 
recovered. 

recovery. 

1 

222 

234 

No  larv&e  visible... ..«......«». . 

52 

61 

23.4 

2 

No  letrvae  visible..... 

26.1 

3 

100 
268 

28 
117 

28.0 

4 

Larvae  protruding  from  surface... 

43.6 

5 

127 

Larvae  protruding  from  surface... 

38 

29.9 

6 

156 

Larvae  protruding  from  surface... 

57 

36.5 

■were  made.  Two  hundred  and  tvrenty-tv,o  active  hoolarorn  larvae  v/ere  placed  in  the 
center  of  a  6-inch  pudding  pan,  containing  one  inch  of  clay  loam  soil.  The  larvae 
remained  undisturbed  for  several  minutes  v/'hen  water  was  added,  until  the  soil  was 
well  covored.  The  standing  water  was  immediately  drawn  off  with  a  pipette  from 
all  parts  of  the  surface,  except  that  in  which  the  larvae  had  been  placed.  This 
vms  centrifugated  and  upon  examination  of  the  residue  52  hookvrorn  larvae  were  found. 
This  showed  that  23.4  per  cent,  of  the  total  number  of  larvae,  placed  in  the  infest- 
ation center,  had  been  carried  out  by  the  water.  Experiments  2  and  3  of  this  table 
were  made  under  the  same  conditions  as  the  first,  and  their  results  further  illus- 
trate the  rcle  water  plays  in  the  dissemination  of  hookvj-orm  larvae. 
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In  the  first  three  experiments  of  Table  2  no  larvae  were 
visible  on  the  surface  of  the  soil,  at  the  time  the  water  was  added. 
In  experiments  4,5  and  6  of  the  same  table,  the  larvae  had  been 
placed  in  the  soil  15  hours  before  the  water  y/as  added.  During  that 
time  they  had  established  themselves  on  the  surface  of  the  soil,  and 
were  found  protruding  from  the  prominent  soil  particles  within  the 
infested  area.  lYater  was  added  as  before,  until  the  soil  was  vrell 
covered,  and  upon  examination  of  the  residue  from  the  free  water 
slightljr  higher  percentages  of  the  larvae  were  recovered  than  in 
the  first  three  experiments  (see  Table  2J.  Apparently  when  the  larvae 
are  well  established  on  the  surface  of  the  soil,  they  are  more  easily 
transferred  to  the  surfacejfilm. 

That  hookworm  larvae  are  carried  away  from  centers  of  soil 
infestation  by  the  washing  of  rains,  under  natural  conditions,  is  ind- 
icated by  the  findings  of  Cort  and  Payne  (1922,  p.  141 j.  Soil  samples 
examined  from  the  drains  in  the  heavily  infested  area  of  the  cane  field 
studied,  showed  that  the  larvae  were  fairly  evenly  distributed  for  a 
distance  of  50  yards.  Soil  pollution  was  found  only  in  the  higher  parts 
of  the  drains  and  their  environs.   The  authors  consider  that  this  dis- 
tribution in  the  drains  is  due  to  the  larvae  being  washed  down  from  the 
upper  ends  of  the  drains,  as  well  as  from  the  areas  drained. 

To  determine  the  number  of  hookworm  larvae  carried  on  the 
feet  of  man,  after  passage  through  areas  of  heavy  soil  infestation,  the 
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soil  was  scraped  from  the  shoes  of  three  persons,  after  they  had 
completed  a  pollution  survey  in  a  cane  field  (see  Cort  and  Payne, 
1922a,  p.  115).  Soil  obtained  in  this  way  -was  examined  for  hook- 
worm larvae  by  the  routine  method,  on  six  different  occasions. 
The  findings  varied  from  2  to  344  hool-crrorm  larvae  per  person.  No 
appreciable  difference  xras  noted  in  the  number  of  larvae  obtained, 
whether  rain  had  fallen  twenty-four  hours  previous  to  the  survey 
or  not.  This  is  explained  by  the  fact  that  although  the  amount 
of  rainfall  varied,  the  soil  in  the  cane  was  always  moist  enough 
to  cling  to  the  shoes  in  considsrable  amounts.  The  finding  of 
344  hookworm  larvae  in  the  soil  adhering  to  the  shoes  of  on© 
person  is  significant.  This  person  had  undoubtedly  stepped  in 
a  "nest"  of  larvae  v/-hich  was  immediately  transferred  to  his  shoe. 
Had  he  been  barefoot  and  the  mud  remained  on  the  skin,  the  result- 
ing infestation  would  probably  have  been  heavy  from  this  one  expos- 
ure. Again,  had  the  soil  been  washed  off  or  dropped  on  a  frequented 
path,  there  would  have  been  danger  to  others. 

Domestic  animals  passing  through  infested  areas  likewise 
enter  as  factors  in  the  dissemination  of  hookrform  larvae.  No  actual 
experiments  were  made  to  determine  this  point,  but,  from  observations 
made,  both  in  cacao  groves  and  cane  fields,  it  seened  evident  that  a 
considerable  amount  of  infested  soil  ipay  be  scattered  about  in  this 
fashion. 
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The  results   of  my  experiments,   as  vrell  as  field  observ- 
ations,  have  shovfn  that  the  hool<worm  larvae  are  not  migratory  during 
their  free  life  in  the    soil  of  Trinidad,  but  that  they  can  be  spread 
to  some  extent  mechanically.     Further  investigations  are  needed  to 
test   out,  under  a  variety  of  conditions,   the  points  brought   out   in 
this  study. 

STOMARY. 

1.  Experimerrts  carried  on  in  Trinidad,  British  TTest   Indies, 
from  May  to  September,   1922,   showed  that  infective  hoolcworm  larvae 
placed  on  moist  soils  do  not  migrate  in  periods  from  15  hours  to  42  days. 

2.  Experiments  show  that  hookworm  larvae  may  be  carried  out 
from  centers  of  soil  infestation  by  surface  water,  and  that  they  can 
establish  themselves  in  the  nevf  locations  when  the  water  recedes. 

3.  Hookivorm  larvae  were  not  found  to  migra.te  to  favorable 
situations  when  their  original  environments  become  unfavorable. 

4.  Soil  scraped  from  the  shoes  of  men  passing  through  infested 
areas  was  found  to  contain  hoolc/oi'm  laivae.      It   is  possible  that  paths 
leading  to  such  areas,   as  irell  as  the  immediate  surroundings   of  dwellings, 
become   centers  of  infestation  by  the  dropping  of  such  soil. 

5.  During  the  time  the  larvae  remained  in  the  soil  there  ocoured 
a  reduction  in  their  numbers,  which  increased  with  the  number  of  days  the 
experiment   lasted. 


-16- 


Literature  Cited. 


Baennann,   G. 

1917.  tJber  Ankylostomiasis,  deren  Ausbreitungsbedingungen 
durch  die  Bodeninfection  und  deren  Bek&ripfung.  Geneesk. 
Tijdschr.  Nederl,  Indie,  Batavia,  LVII,  579-669. 

Chandler,  A.  C. 

1918.  Aniiaal  parasites  and  hwaan  disease,  N.   Y. ,   570. 
Cort,  Vf.  W. ,   Ackert,   J.  5.,   Augustine,  D.    L. ,  and  Payne,  F.   K. 

1922.      Investigations  on  the   control  of  hooteorm  disease. 
II.   The  description  of  an  apparatus  for  isolating 
hookra-orm  larvae  from  soil.     AlIER.   JOUR.  HYG. ,   II,   1-16. 
Cort,  ^.  TJ, ,  and  Payne,  G,    C. 

1922a.   Investigations   on  the  control   of  hooloTorm  disease,  VI. 
A  study  on  the  effect   of  hookvrorn  control  measures  on 
soil  pollution  and  infestation  in  a  sugar  estate.   AMER, 
JOUR.   HYG.,   II,    107-148. 

1922b.    Investigations   on  the   control  of  hookworm  disease,  YII. 
An  epidemiologic  study  of  hoolcirorm  disease  in  a  cacao 
estate.      AMER.   JOUR.   HYG.,    II,   149-161. 
Nicoll,  ^m. 

1917.     Observations   on  the  influence   of  salt  and  other  agents 
in  modifying  the   larval  development   of  the  hookworms, 
Ankylostoma  duodonale  and  Necator  amoricanua.      Parasit- 
ology,   Cambridge   (Eng.j,   IX,   157-189. 


■17- 


Ozzard,  A.  T. 

1909.  Life-history  of  Ankylostoma  duodenale. 
Brit.  M.  J.,  London,  II,  779-780. 

Price,  N.  J. 

1910.  Climatic,    soil   and   general   conditions    in 
Maryland  with  reference  to  hoolarorm 
disease.      Maryland  M.   J.,   Bait.,   LIII, 
201-206. 

Porto  Rico  Anemia  Conimission. 

1904.     Report  of  the  commission  on  the  study  and 
treatment  of  A_nemia  in  Porto  Rico.      Bur. 
Prints  and  Supplies.      San  Juan,   n.   d.,    335. 
Smith,    C.  A. 

1902.      Uncinariasis   in  the   South.      J.    Amer.   Med, 
Ass.,    CViic,    XLI,    709-713, 
Williams,   C.    B. 

1921,      Report   on  the  froghopper-blight   of   sugar 

cane   in  Trinidad.      Gov.    Print.   No.    1,    170. 


.18- 


II.      ON  THE  POSITION  OF  THE  INFjiCTIVE  HOOKl.'ORM  LARVAE   IK  THE  SOIL. 

l^ile  it   is  known  that  the   soil  is  the  natural  habitat   of 
the  infective  hoolrworm  larvae,    only  a  few  obsonrations  have  been 
made  as  to  their  activities  and  position  in   it.     Baerciann    (1917,   p. 
622 j,   in  his   studies   of  the  conditions   of  development  and  existence 
of  hookworm  larvae   in  the  soil,   found  them  to  be  rather  evenly  dis- 
tributed throughout  the  soil  to  a  depth  of  24  cm.     He  did  not  find 
them  directly  on  the  surface  but   close  to  it.      In  other  experiments, 
vrhere   larvae  were  studied  in  soil  overgrown  v/ith  vegetation,  he  found 
hookworm  larvae  constantly  in  the   soil,  but   never  on  the  plants  them- 
selves.     No  information  is  given   on  the  exact  conditions  existing  at 
the  time  his   observations  were  made.     The  data  from  a  series  of  ex- 
periments  performed  by  Dr.   James  E.   Ackert,  to  study  the  conditions 
under  which  hookiTorm  eg^^s  develop  and  hatch,    show  that  by  far  the 
greater  number  of  the  hoolarorm  larvae  v/hich  developed  were  in  the 
upper  half  inch  of  the   soil.      The  complete  discussion  of  these  ex- 
periments will  appear  in  a  later  nvimber  of  this  series.      Looss    (1905, 
English  translation  given  in  Looss,    1911,  pp.  421-422 J   observed  mat- 
ure Ankylostona  larvae  on  the  surface  of  charcoal  cultures  when  under 
a  high  temperature  and  in  a  moist  atmosphere.     He  found  formations 
resembling  short  fungal  hyphae,  v;elded  together,  which  upon  examination 
proved  to  be   hookv/-orm  larvae.      He   further   observed  that  the   larvae 
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■were  not  present   on  the   surface  when  it  became  drier,   but  upon  add- 
ition  of  vfater  would  reappear  in   20  to  30  seconds.     Smith   (1905, 
p.    192)   records  the   saine  position  of  the  hoolcv/orm  larvae  on  the 
surface  of  feces,  vrhen  exposed  to  the  air  for  a  fevr  days  under  fav- 
orable  conditions   of  moisture.      The  Georgia  State  Board  of  Health 
(1910)  makes  the  statement  tliat  during  a  rain,    or  when  dev/  drops 
collect,  hookv;orm  larvae  find  their  way  into  the  water  where  they 
remain,   if  the  water  does  not  dry  up,  until  they  have  an  opportunity 
to  penetrate  the  human  body.     And  when  the  dovr  drops  dry  or  the  pool 
of  water  evaporates  the  larvae  burrow  into  the  moist  earth,  there 
remaining  until  a  fresh  downpour  of  rain  brings  them  to  the  stxrface 
again.     Dock  and  Bass    (1910)   in  their  book  on  hoolcworm  disease  say 
that  the  larvae  may  crav/l  up  the  leaves,   stalks   or  fruit   of  vege- 
tables.    No  statement  is  made  of  exact  observations  of  larvae  doing 
this.     Schultz    (1912)  found  that  in  cultures  from  which  blades   of 
grass,   small  sticks   or   other  objects   prefect,  upon  vrhich  a  film  of 
water   condenses ,  hook-.Torm  larvae  leave  the  cultures ,   follow  the 
water  film  and  ascend  to  the  most  advantageous   point  for  contact 
with  an  eventual  host. 

Early  in  the  experiments   performed  in  Trinidad,  British 
^Vest  Indies ,    on  the  migration   of  hookworm  larvae  in  the  moist   loam 
soils    (Augustine,   1922)   I  found  thera  on  the  surface  extending  from 
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the  larger  and  more  prominent  soil  particles.  The  greater  number 
appeared  singly  like  the  hairs  on  young  plants,  vfhile  others  were 
massed  together  in  flame-shaped  formations.  Upon  close  examination 
with  a  hand  lens  the  larvae  seemed  to  be  in  constant  undulating 
movement  -which  greatly  increased  when  the  slightest  stimulus  was 
applied.  A  portion  of  the  soil  upon  v;-hich  several  larvae  were 
extended  was  placed  on  a  glass  slide  and  treated  with  a  few  drops 
of  water.  Upon  microscopical  examination  both  sheathed  and  un- 
sheathed laiTVae  were  found  which  left  the  soil  and  moved  with 
<;reat  fapidity  to  the  margins  of  the  preparation.  The  bit  of  soil 
was  then  broken  and  spread  over  the  slide.   In  it  several  cast-off 
hookworm  sheaths  v:ere  found.   The  larvae  on  the  surface  of  the  soil 
readily  transferred  themselves  to  most  objects  that  touched  them, 
but  not  to  insects,  such  as  ants,  as  v/ell  as  small  Arachnids  which 
passed  through  and  about  the  infested  centers. 

larvae  were  found  on  the  aarface  of  the  soil  in  all  my 
experiments,  as  long  as  their  numbers  were  sufficiently  large  for 
observation  and  the  soil  was  kept  moist.   In  an  experiment  to  test 
the  effect  of  direct  sunlight  on  the  migrations  of  hookif/'orm  larvae 
(Augustine,  1922,  p.  165 j  they  were  found  extended  from  the  soil 
particles  as  long  as  the  soil  remained  moist,  even  at  a  temperature 
of  101°  F.  and  in  direct  sunlight.  As  the  surface  of  the  soil  became 
drier  they  left  their  more  prominent  positions  and  were  found  in 
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the  deeper  cracks  and  crevices,  disappearing  altogether  if  the 
drying  continued.  If  water  v.as  then  added  the  hookworm  larvae 
reappeared  in  a  few  seconds  in  their  previous  positions.  This 
process  was  repeated  several  times  a  day  with  the  sane  result, 
until  their  nunbers  became  so  reduced  that  the  reactions  could 
not  be  observed.   It  seenis  clear  from  this  experiment  that  sun- 
light in  itself  has  no  effect  upon  the  movements  of  the  larvae, 
but  influences  them  indirectly  by  raising  the  temperature  and 
increasing  the  rate  of  evaporation. 

In  two  experiments  on  the  migration  of  hoolarorm  larvae 
(Augustine,  1922,  p.  168;,  where  vmter  covered  the  soil,  hookworm 
larvae  appeared  extended  from  short  sticks,  pebbles  and  larger  soil 
particles  which  protruded  above  the  water.  They  were  usually  motion- 
less, but  the  application  of  a  slight  stimulus,  such  as  blowing  over 
the  surface  or  jarring  the  pan,  would  start  then  to  intense  activity, 
especially  where  they  had  formed  themselves  into  petal-like  clumps. 
Toothpicks  were  placed  upright  in  the  soil  in  the  infestation  centers. 
A  few  hours  later  the  larvae  vrere  found  one  third  of  the  distance  up 
the  toothpick,  but  only  as  far  as  the  moisture  had  ascended. 

During  the  study  of  the  active  migrations  of  hookworm  larvae 
in  grass-covered  soil  (Augustine,  1922,  p.  165),  observations  were  made 
to  discover  whether  the  larvae  would  climb  upon  the  blades  of  grass 
and  collect  in  drops  of  vfater,  as  has  been  suggested  might  happen  in 
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morning  dew.  TJith  a  hand  lens  larvae  were  found  at  the  bases  of 
the  stems  and  on  the  soil  within  the  centers  of  infestation.  They 
were  also  found  along  the  outer  dead  sheaths  of  the  grass  which 
were  moist,  but  never  on  the  green  stalks  and  blades.  The  green 
stalks  and  blades  were  cut  from  and  surrounding  the  infestation 
centers  and  washed  well  in  water.  This  v/ater  was  then  centrifugated 
and  the  residue  examined  with  the  microscope.  No  hookworm  larvae 
were  found.  This  test  was  repeated  several  times  vrith   constantly- 
negative  results.  The  probable  reason  for  the  larvae  not  creeping 
up  the  green  stalks  and  into  drops  of  water  collected  in  the  axiles 
of  the  leaves  is  that  there  was  no  continuous  film  of  moisture  present 
as  on  the  dead  stalks  and  sticks.  Their  movements  seem  to  be  definite- 
ly limited  by  the  extent  of  the  moisture  film. 

In  connection  with  a  study  carried  on  by  Cort  and  Payne 
(1922,  p.  149 J  to  determine  the  sources  of  infestation  with  hookvj-orm 
on  a  cacao  estate  an  attempt  was  made  to  duplicate  in  the  laboratory 
the  conditions  existing  in  this  environment,  to  determine  the  activities 
of  the  infective  hookworm  larvae  under  such  conditions.   In  a  particular 
grove  of  this  estate  the  subsoil  was  a  fine,  compact,  yellow  clay.  The 
surface  soil  contained  an  abundance  of  htunus  and  was  of  a  loose  texture 
and  dark.  Scattered  over  much  of  the  surface  was  a  layer  of  decaying 
twigs  and  cacao  leaves  vrhich  during  the  rainy  season  were  constantly 
moistened  byliitermittent  showers.  Here  and  there  the  surface  of  the 
yellaiff  clay  was  exposed,  and  in  other  places  the  humus  was  free  from 
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I9av33  and  twigs.  Soil  pollution  and  infestation  ./as  found  on  all 
threo  types  of  surfaces.   The  soils,  tvrigs  and  leaves  taken  for  the 
laboratory  experiment  -vrera   selected  from  places  widely  separated 
from  polluted  areas.  The  yello?;-  subsoil  Tsras  first  placed  to  a 
depth  of  1^  inches  in  a  circular  pan,  3  feet  in  diameter.  Two  thirds 
of  its  surface  was  then  covered  \Tith  the  humis,  and  half  of  the  httous 
area  was  carpeted  v/ith  the  leavos  and  twigs.  At  the  center  of  each 
of  these  surfaces  were  placed  approximately  1000  hooJcTorm  larvae, 
their  positions  being  marked  by  circles  of  cord.  On  the  following 
day  a  careful  examination  was  made  with  a  hand  lens.  Numerous 
larvae  were  found  extended  from  the  soil  particles  with  in  the 
infestation  centers  on  the  yelloir  clay  and  hunus  soils.  The  larvae 
which  had  been  placed  upon  the  leaves  were  not  confined  vrithin  the 
center,  but  wore  found  distributed  within  a  radius  of  eight  inches. 
They  were  found  on  the  center  margins  and  prominent  veins  of  tho  leaves 
and  on  decaying  bark  of  twigs ,  especially  whore  the  bark  was  broken 
and  distinct  edges  were  formed.   It  is  probable  that  the  greater  extent 
of  distribution  of  the  larvae  on  the  leaves  was  not  due  entirely  to 
their  active  migration  but  was  aided  by  the  washing  of  the  vmter 
during  the  process  of  moistening;  for  while  the  water  which  was  added 
was  immediately  absorbed  by  the  t^o  soils,  it  ran  off  the  leaves,  from 
one  to  another.  Larvae  -;rare  found  within  the  infestation  centers  of 
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of  the  tjo  soil  surfaces  at  all  timoa  until  thoir  numbers  became 
greatly  depleted.  The  leaves  lost  their  moisture  quickly,  and  I'rtien 
dry  the  larvae  disappeared  to  the  deeper  moisture  places,  returning 
to  their  former  position  at  the  next  vratering. 

The  position  of  the  hookworm  larvae,  as  found  in  these  and 
other  experiments,  is  significant  since  it  makes  easy  the  transfer  of 
the  larvae  from  the  soil  and  other  infested  objects  to  the  human  foot. 

SUmiARY. 

1.  Infective  hookworm  larvae  under   optimum  conditions   of 
moistui-e  and  temperature  were  found  to  remain  on  and  v/ithin  the  upper 
surface  cf  the   soil. 

2.  They  creep  up  pieces   of  .rood,  decaying  vegetation  and 
other  objects   only  as  far  as  the  fiLii  of  moisture  extends. 

3.  Hookworm  larvae  •'.rere  not  found  within  the  drops   of 
•water  collected  in  the  axile  of  the  leaves  of  green  plants  not  upon 
the   leaves  themselves. 

4.  At   centers   of  soil  infestation,  where  the   surface  is 
covered  with  leaves   or  twigs,  the  infective  hoofcrorm  larvae   ./ere  found 
extended  from  the   leaves   or  tvrigs  -.Then  moist,  but  in  the  soil  beneath 
when  dry. 
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III.      EXt^ERBIENTS  ON  THE  LENGTH  OF  LIFE  OF  II'^FECTIVE  HOOIffi'OHvI 
LARVAE   IN  SOILS. 


Historical  Account. 

The  conception  of  the   length  of  life  of  the  infective 
hookworm  larvae  in  the  soil  which  is  widely  acceptea  can  be 
ilUistratea  by  a  quotation  from  Nicoll    (1917,   p.    165)    : 
"Thes9   larvae   (hoob;;orm),  when  they  reach  this  final  stage  have 
ceased  to  feed,   and  they  can  reaain  alive  for  months  and  even 
years  under  suitable   conditions,   i.e.,  vrhere  there  is  a  suffic- 
iency of  moisture  and  not  too  great  heat.      In  the   laboratory 
they  have  been  kept  alive  for  over  18  months  in  plain  vfatc3r, 
at  a  tempero-ture  of  about  60  °    F.      It   can  hardly  be  doubted 
that  they  will  live  fully  as  long  under  natural  conditions, 
unless  it  be  that  they  are  attacked  and  devoured  by  other 
animals,   such  as  aquatic  insects."     The  evidence  which  points 
to  an  extended  period  of  life  for  the  mature  hookkirorm  larvae 
comes   chiefly  from  the  work  of  the  first  seven  investigators 
listed  in  Table  1.     These  observations   (see  Table  1)  -vrere 
!nade  upon  sheathed  larvae,  kept  in  moist  feces  or  7ra.ter 
under  laboratory  conditions   in  tho  temperate 
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zone.     Further,  the  infsrence  has  often  been  draiim ,   as  in 
the  above  quotation,  that   if  the  larvae  can  remain  alivo  for 
such  periods   of  time  under  unnatural  surroundings,  their  span 
of   life   vould  be  as  great   or  even  greater,  when  in  their  nat- 
ural environment. 

The  iTork  of  the   last  three  investigators   summarized 
in  Table  1  needs  further  discussion,    since  their  obseiTations 
■were  made  under  natural  conditions.      Leichenstern   (1887,   p.   669) 
found  the  larvae   of  Ancylostoma  duodenale  alive  in  the  fecal  mass 
from  a  brici-yard     latrine  three  months  after  the   laborers  had 
left  the  field.      Stiles  and  Gardner    (1910)  found  two  motionless 
but  well-preserved  sheathed  hookworm  lairva©  in  sand  151  days  after 
the   sample  had  been  taken  from  under  a  surface  privy.      In  experiments 
by  these  investigators,  where  fecal  material  containing  hoolcworm 
e3ss  iTas   covered  with  sterilized  sand,   exsjninations  made  four  and 
five  months   later  disclosed  no  hoolr.Tona  larvae.     These  experiments 
were  carried  on  at  unheated  room  temperature  in  the   early  fall  at 
the  United  States  Ifeirine  Hospital  Station,  VJilmington,  North  Caro- 
lina.    Baermann    (1917,   p.    622)  in  his   studies   on  the  conditions 
of  devglopn?nt  and  existence  of  hookworm  larvae   in  the  tropical 
cli:nate  of  Sumatra  found  that  the   length  of  life  varied  under 
different  conditions   of  moisture  and  shade.      In  one  box,  where 
a  stool  containing  hoolcworm  eggs  ".ras   covered  with  earth  by  a 
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TABLE  I. 


Showing  results   of  previous  authors'    observations 
on  length  of  life   of  hoolcTonn  larvae. 


Authors  Mediun  Environmental  conditions     Duration   of  life 


Leichenstern,    1887         TTater  Laboratory  temperature  7  months 

Lioist  feces  in  Gerroany 

Galli-Valerio,   1905       Moist  feces     Laboratory  temperature         14  months 

in  Switzerland 

Boycott,   1905 Moist  feces     Laboratory  temperature         More  than  12 

in  London,  England  months 

Loebker  and  Bruns, 

1906,.... '.Yater  By  laboratory  windaOTB  12  months 

Germany 

Olivar,   1910 ITater  Laboratory  temperature         15  months 

England 

Perroncito,  1913...   Water       Laboratory  temperature    8-10  months 

Italy 

Nicoll,   1917 TJater  60°  F.  18  months 

Leichenstern,   1887.        Fecal  material     Abandoned  latrine  3  months 

in  brickyard, Germany 

Stiles  and  Gardner,       Sand  A  feiw  alive  up 

1910. (  Unheated  laboratory  during  early  fall,         to  4  months 

Wilmington,  N.    C. ) 

Baermann,   1917.....       Soil  covered  In  the   open  shade,  6  months 

fxth  sod  Sumatra 


a  serton  beetle  and  exposed  to  sun  and  rain  without  additional 
moistening,  some  slight  development  took  place,  but  the  larvae 
were  found  to  have  died  after  throe  weeks.     On  shaded,  sprinkled 
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soil  the  larvae  devQlopod  in  large  nur.ibors,  lived  for  3  months 
and  then  died.   In  boxes  planted  with  grass  extensive  development 
of  larvae  took  place  in  both  sun  and  shade.  He  found  numerous 
larvae  in  the  unshaded  soil  up  to  three  months,  and  a  few  up  to 
six  months  in  the  shaded.    The  results  of  these  experiments 
on  the  length  of  life  of  hookirorm  larvae  in  the  soil,  with  cond- 
itions as  nearly  natural  as  possible,  gave  a  shorter  period  of 
life  than  the  others  in  which  the  conditions  wera  more  unnatural, 
and  suggest  that  soil  does  not  remain  infective  as  long  as  has 
been  generally  believed. 

Leuckart  (1868,  p.  43S),  many  years  ago,  pointed  out 
tlrnt  the  mature  larvae  of  Ancylostooa  canninum  (Dochmius  trigno- 
ceplialusj  live  at  the  expense  of  reserve  food  stored  in  the  cells 
of  the  intestine  during  development,  and  as  time  passes  these  cells 
gradually  loose  their  granules,  until  the  worms  become  transparent. 
Loos 3  (1911,  p.  419)  concluded  that  if  the  granules  deposited  in  the 
body  are  reserve  food  stores,  v.hich  are  gradually  reabsorbed  during 
the  later  life  of  the  larvae,  a  limit  is  set  to  the  length  of  life, 
and  death  will  come  when  this  supply  is  exhausted.  He  believed  that 
the  length  of  life  vrould  depend  on  whether  the  supply  of  food  ,ms 

consumed  slowly  or  rapidly,  and  since  temperature  influences  to  a 

the 
high  degree/motility  of  the  mature  larvae,  they  would  remain  alive 

longer  at  a  lovT  than  a  high  temperature.   If  we  accept  this  view 
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vro  should  expect  the   life  of  the   lairrae  to  be  the  shortest  under 
those  conditions  of  tempsrature  vrhich  are  most  favorable  to  intense 
activity,  as  in  the  tropics.     The  results   of  my  experiments  carried 
on  in  Trinidad,  British  'Vest  Indies,  and  the   field  studies   of  Cort 
and  Payna    (1922a  and  h)   support    this  viefvT. 

Material  and  I.Iethods. 

The  hoob-Torm  larvae  used  in  the  experiments,  vfhich  will 
be  described  in  this   paper,  were  taken  from  cultures  five  to  eight 
days  old,  with  th?  exception   of  those  used  in  the  series   on  the 
length  of  life   of  unsheathed  larvae  which  were  from  an  eighteen-day- 
old  culture.     The  same  technique  was  employed  in  counting  and  in 
preparing  the  soils  as  in  the  migration  experiments  previously  des- 
cribed  (Augustine,   1922a)  .     Two  sizes  of  containers  were  used,  viz., 
(1)  tin  pudding  pans,   six  inches  in  dianeter  and  two  inches  in  depth, 
and   (2)  throe-ounce  glass  jars. 

Data  on  Len^cth  of  Life  from  Migration  Sxperiments* 

Early  in  my  work  on  the  migration  of  hoolc.Torm  larvae   in 
soils    (Augustine,   1922a)   I  was   struck  by  the  great  reduction  in  the 
numbers   of  larvae  recovered  from  experiments  which  had  run  a  few  creeks, 
Table   2  gives  the  data  on  the  reduction   of  hool'^Torm  larvae  in  ten  of 
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TABL3  2. 


Showing  reduction  in  the  numbers  of  hoolcworm  larvae 
in  the  migration  experiments. 


No. 

No.  larvae 

Type  of  soil 

Time 

Larvae  recovered 

Exp, 

placed 
in  soil 

larvaQ 
remained 

Un- 

in soil 

sheathed 

aheathed 

Total 

1 

1,000 

Moist  clay  loam 

7  days 

141 

180 

321 

2 

498 

Moist  sand 

10  " 

81 

10 

91 

3 

512 

Moist  clay  loam 

11  " 

234 

5 

237 

4 

1,100 

Moist  clay  loam 

21  " 

11 

7 

18 

5 

392 

"   sod 

21  " 

1 

4 

5 

6 

500 

Moist  red  clay  loam 

22  " 

6 

3 

9 

7 

361 

Moist  clay  loam  sod 

30   ■' 

1 

1 

2 

8 

500 

Moist  clay  loam 

35   " 

2 

3 

5 

9 

426 

Moist  clay  loam 

37   " 

0 

1 

1 

10 

650 

Moist  clay  loam 

42   " 

0 

1 

1 

these  experiments.     Although  the  experiments  were  made  under  favorable 
conditions,   after  a  period  of  twenty-one  days,  there  occurred  a  reduct- 
ion in  the  numbers   of  larvae  of  over  90  per   cent.     Stimulated  by  these 
findings,   experiments  Trere  planned  to  further  test  this  point. 
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Experiments  on  Length  of  Life  of  Liature  Hookworm  Larvae  in  Soils. 

Table  3  gives  data  from  a  series  of  thirty  experiments  to 
determine  the  eunount  of  mass  reduction  in  a  known  number  of  mature 
hookworm  larvae  in  three  types  of  soil,  viz.,  (l)  clay  loam,  (2) 
sand,  and  (3)  a  clay  loam  sod,  under  favorable  conditions  of  temper- 
ature and  moisture.   In  these  experiments  the  soil  was  placed  to  a 
depth  of  1-|  inches  in  thirty  of  the  six- inch  pans,  ten  pans  with  each 
type  of  soil.  Three  hundred  active,  sheathed  hookworm  larvae  from 
cultures  five  and  seven  days  old  were  added  to  each  pan.  The  pans 
were  then  placed  in  a  shady  place  and  the  soil  kept  moist  throughout 
the  experiment.  Examinations,  by  the  isolation  apparatus,  of  the  soil 
from  one  pan  of  each  type  were  made  weekly  for  seven  weeks  and  the  lar- 
vae recovered  counted.   As  the  seventh  examination  gave  negative  find- 
ings for  hookworm  larvae  the  eighth  examination  was  made  three  days 
later.  As  this  also  proved  to  be  negative  for  all  three  soils  the  ex- 
periment was  closed.  The  results  of  these  experiments  (Table  3)  indi- 
cate a  rapid  dying  off  of  the  larvae  within  the  first  two  weeks  of  the 
experiment.   If  the  time  of  development  in  the  cultures  is  added,  it 
is  seen  that  in  three  weeks  after  the  eggs  left  the  host  90  per  cent  of 
the  larvae  which  developed  to  the  infective  stage  had  perished.  The 
significant  points  brought  ottt  in  this  series  (Table  3)  are  (l)  the 
high  reduction  occurring  within  two  or  three  weeks,  (2)  the  fairly 
constant  number  of  larvae  remaining  alive  up  to  seven  weeks,  and  {Z) 
a  complete  dying  out  after  that  time. 

It  would,  therefore,  appear  that  the  activities  of  the  larvae 
are  at  first  intense,  which  is  followed  almost  immediately  by  a  high 
death  rate. 
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Table  4  gives  the  results   of  a  series  of  experiments 
similar  to  those  sumriarized  in  Table  5,   except  that  the  examinations 
were  made  every  third  day  and  the   containers  were  the  three-ounce 
jars.      As  the  data  show,  the   greatest  reduction  occurred  about  tvro 
weeks  o.fter  tlie  experiment  was   started,   or  about  three  weeks  after 
the  deposition  of  the  eggs. 

The  Relation   of  Loss   of  Sheath  to  Length  of  Life. 

As  has  been  previously  stated   (Cort,   Augustine,   et  al., 
1922;   a  large  proportion  of  the  mature  hookworm  lanrae  lose  their  sheaths 
in  the  soil.     This  discovery  immediately  introriuces  a  new  factor   into 
the   study  of  the  length  of  life   of  the  infective  hoolcvrorn  larvae.      Three 
questions  present  themselves,  viz.,    (l)  Does  the  loss   of  the  protective 
sheath  directly  shorten  the   life  of  the   larvae   ?    (2)   Does  the  loss   of 
sheath  make  the  larvae  more  susceptible  to  unfavorable  conditions  of 
environment  and  thus  shorten  their  life  under  certain  conditions   ?     and 
(3)  Does  the   loss  of  sheath  render  the  larvae  n on -infective,  which  would 
be  theje  qui  vale  nt   of  terminating  their  lives    ? 

Table  5  gives  the  data  on  a  series   of  experiments  on  the 
length  of  life  of  unsheathed  hookrj-orm  larvae  in  clay  loam  under  favor- 
able conditions.     The  larvae  used  in  these  experiments  v/ere   isolated 
from  soil  on  which  a  stool  containing  hoot-worn  eggs  had  been  placed 
eighteen  days  before.     Of  the   1,300  larvae   obtained  only  10  were  found 
enclosed  in  sheaths.      The  experiments  vrere  made  under  the  sajne  environment 
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TABLE     5. 

On  the  mass  reduction  of  hooloTorin  larvae  in  loam 
soil  from  cane  field. 

Ten  experiments  started  July  18,  vfith  100  unsheathed  larvae  in  each. 
All  larvae  vrere  obtained  from  same   culture,    16  days  old. 


Rxoerim-rnt 

Date  of 

lumber  of  larvae 

Per  cent 

nianber. 

examination. 

recoTored 

reduction. 

1 

July  21 

87 

13 

■2 

24 

52 

48 

3 

27 

51 

49 

4 

30 

15 

85 

5 

August  2 

15 

87 

6 

5 

4 

96 

7 

8 

7 

93 

8 

11 

0 

.. 

9 

12 

0 

.. 

10 

12 

0 

•• 

as  those  with  the  sheathed  forms.      Examinations  irere  made  every  third 
day  as   long  as  the  results  were  positive.      After  the  first  negative 
appeared,  which  was  24  days  after  the  experiments  v/ere   started,   or 
42  days  after  the   stool  had  been  placed  on  the  soil,  the  remaining 
jars  v.ere  examined  on  the  day  following.      These  v/ere   likevfise  negative, 
''liile  this  series   of  experiments  indicates  that  the   life  of  the  un- 


sheathed  hoolcworn  larvae  may  be  similar  to  that  of  the  sheathed 
forms  it  must  be  taken  into  consideration  that  there  undoubtedly- 
had  occurred  a  great  reduction  in  the  numbers  of  larvae  before 
isolating  them  from  the  culture,  and  that  the  larvae  used  in  the 
experiment  were  the  survivors  of  this  reduction. 

IThile  no  experiments  were  made  to  test  the  comparative 
resistance  of  the  unsheathe dfand  sheathed  larvae,  it  was  found  that 
upon  addition  of  a  few  drops  of  dilute  formalin  (See  Cort,  Ackert, 
et  al. ,  1922,  p.  5)  to  the  preparation  before  counting,  the  unsheathed 
larvae  quickly  succumbed,  while  the  sheathed  forms  were  stimulated 
to  greater  activity,  and  could  resist  the  formalin  for  a  considerable 
time.   This  observation  indicates,  as  would  be  naturally  inferred,  that 
unsheathed  larvae  are  less  resistant  to  unfavorable  conditions  than 
sheathed.  This  would  then  lead  to  a  more  rapid  dying  the  unsheathed 
larvae  whenever  conditions  became  unfavorable.  Since  our  present 
knowledge  of  the  resistance  of  the  mature  hookivorm  larvae  to  various 
conditions  is  based  entirely  upon  studies  of  the  sheathed  forms  it 
will  be  necessary  to  repeat  much  of  this  work  with  the  unsheathed 
larvae,  to  determine  what  actually  happens  under  natural  conditions. 

That  sheathed  hoolcworm  larvae  complete  their  second  ec- 
dysis,  while  penetrating  the  skin,  and  become  adults  in  the  intestines 
of  man  has  been  conclusively  demonstrated  by  a  nunbor  of  investigators. 
Whether  the  loosing  of  the  sheath  in  the  soil  renders  the  larvae  non- 


infectivo,  as  far  as  man  is  concerned,  Tirhich  vfould  be  equivalent 
to  their  death,   is  not  yet  known.        To  gain  information  on  this 
point  unsheathed  larvae  vrere  applied  to  the  shaven  belly  of  a 
male  white  rat,   sixteen  months   old.     Upon  examination  with  a 
binocular  microscope  the   larvae  were  seen  to  quickly  spread  them- 
selves  over  the  surface  of  the   skin  as  far  as  the  moisture  extended. 
As  the  moisture  around  the  larvae  evaporated  penetrating  movements 
were  started.      The  anterior  ends   of  the  worns  would  be  lifted  into 
the  air  and  then  turned  tovrard  the  skin  again,  touching  here  and 
there  as   if  seeking  some  port   of  entry.      In  one  particular  instance 
a  larva  was   seen  to  leave  the  shaven  area,  to  settle  at  the  base 
of  a  hair  and  push  one  third  of  its  body  into  the  hair  follicle. 
Then  after  a  moment's   rest  the  posterior  end  swung  up  parallel 
with  the  hair  and  with  several  slow  twists  the  worn  moved  further 
into  the  skin  and  again  rested.     This  movement  was  repeated  several 
tines  until  the  tail  of  the  worm  vanished  beneath  the   surface  of  the 
skin.     Two  other  unsheathed  lairvae  were  seen  to  penetrate  the   skin 
within  the  shaven  area.     The  entire  process  took  less  than  half  an 
hour.     One  hour  later  water  rras  applied  to  the  infected  spot  and 
upon  microscopical  examination  no  larvae  were  found.     'While  this 
observation  only  shows  that  unsheathed  larvae   can  penetrate  mammalian 
skin,    it   seems  very  probable  that  they  can  also  rexch  the  intestine 


and  grow  to  maturity.  Further  experiments  are  needed  to  clear 
up  this  point. 

Discussion  of  Results. 

This  experimental  evidence  on  the  length  of  life  of 
the  infective  hoolcworm  larvae  in  the  soil  is  supported  by  the  field 
obsejrvations  of  Cort  and  Payne  (l922a,  p.  138).   In  one  instance 
soil  pollution  was  found  near  the  edge  of  a  cane  field  and  soil 
samples  from  this  area  showed  it  to  be  an  intense  center  of  infest- 
ation. This  area  was  visited  frequently  at  later  intervals,  but 
no  further  evidence  of  soil  pollution  was  found.  Soil  samples, 
taken  three  v;eeks  later  from  the  same  place,  yielded  but  nine 
hookworm  larvae,  and  later  exeiminations  showed  a  complete  dying 
out  of  the  larvae.  More  striking  still  is  their  study  of  the 
mass  reduction  of  hoolcworm  larvae  in  a  chosen  area  of  this  field 
which,  before  educational  work,  sanitation,  and  treatment  were 
started,  was  found  to  have  a  very  heavy  infestation  vrith  hookrrorm 
larvae.  In  less  than  three  v/eeks  after  the  reduction  of  soil 
pollution,  which  imr.ediately  follovred  the  introudction  of  control 
measures,  a  second  series  of  examinations  was  made.  The  results 
of  these  examinations  showed  a  reduction  of  over  90  per  cent  from 
the  first  series.  Subsequent  examinations  of  samples  taken  from 
this  area  showed  still  further  reductions.   In  about  six  weeks 
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ai^er  pollution   of  the  soil  had  been  stopped  this  once  heavily 
infested  strip  of  cane  field  had  become  practically  free  from 
hooksTorm  larvae.     Similar  results  were  obtained  during  their 
studies  on  the   sources   of  hookvrorm  infestation  in  a  cacao  grove 
(Cort  and  Payne,    1922b).     Although  soil  pollution  vms  not   checked 
samples   of  soil  taken  from  grossly  polluted  areas,   six  Treeks  after 
treatment,    showed  a  marked  reduction  in  the  number  of  infective 
hookworm  larvae  present. 

rue  results  of  these   laboratory  experiments  and  field 
observations   show  that  the   life  of  the  hookv/orra  larvae  in  the  soils 
of  Trinidad  is   limited  to  a  few  weeks.     Whether  this  finding  is 
constant  under  a  variety  of  conditions  is  not  known,   and  experiments 
are  planned  to  test  this  point.      These  results  are  very  different 
from  those   obtained  v/ith  sheathed  larvae  under  laboratory  conditions 
at  lower  temperatures.      It  would  seem  that  the  differences   in  these 
results     can  be  explained  by  differences   in  the   conditions   of  the 
experiments.     The   conditions   of  the  experiments   of  the  early  v/orkers 
(see  Table  1),   in  which  larvae  vrere  kept  alive  for  such  long  periods, 
irere  such  that  the  activities   of  the  larvae  were  greatly  reduced 
and  the   protective  sheaths  retained.      In  my  experiments   in  Trinidad 
the  daily  range  of  temperature  during  the   course   of  the  v/ork  was   ffcm 
about  74°  F.  to  94°  F. ,  a  temperature  which,   if  other  conditions 
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were  favorable,  tended  to  keep  the  larvae  active.  Further  it  was 
found  that  a  large  proportion  of  the  larvae  lost  their  sheathes 
in  the  soil.  "Thile  it  is  not  possible  from  the  information  at 
hand  to  find  any  direct  correlation  betv;-een  the  process  of  un- 
sheathing and  the  death  rate  under  favorable  conditions ,  it  was 
found  that  the  unsheathed  larvae  are  more  susceptible  when  in 
unfavorable  environments.  As  the  unsheathing  of  the  larva.e 
appears  to  be  a  contintious  process,  as  long  as  the  soil  remains 
infective,  the  ne-wly  unsheathed  larvae,  would  be  constantly  killed 
when  becoming  exposed  to  diverse  conditions,  even  though  sheathed 
larvae  were  able  to  withstand  the  diversity.   It  can  be  concluded 
therefore,  that  conditions  favorable  to  intense  activity  and  to 
the  loss  of  the  sheath  will  tend  to  shorten  the  life  of  mature 
hookworm  larvae  in  the  soil. 

.SPIMARY. 

1.  From  the  observations   of  various  investigators 
on  hook7/"om  larvae  under  unnatural  conditions  the  opinion  has 
become  current  that  they  live  for  months   or  even  years  in  the 
soil,  under  favorable   conditions   of  temperature  and  moisture. 

2.  Laboratory  experiments   carried  on  in  Trinidad, 
British  West   Indies,  from  May  to  September,    1921,  show  that  a 
rapid  reduction  in  the   number   of  hooinrTorm  larvae  occurs   in  soils 


of  various  types,  and  that  the  extent  of  their  life  is  limited 
to  about  six  weeks. 

3.  The  completion  of  the  second  ecdysis  of  the 
infective  hoolrworm  larvae  in  the  soil  presents  a  near   factor  in 

determining  their  length  of  life,  which  was  not  found  to  directly 
shorten  the  life  of  the  larvae  under  favorable  conditions,  but 
renders  them  more  susceptible  whenkn  unfavorable  environments. 

4.  Experimental  evidence  indicates  that  the  loss 
of  sheath  does  not  render  the  mature  larvae  non -infective  vrhich 
would  be  the  equivalent  of  their  death. 

5.  The  conclusion  can  be  drawn  that  environmental 
conditions,  such  as  tropical  temperatures  which  tend  to  increase 
the  activity  of  the  mature  hookv/'orn  larvae,  will  shorten  their 
lives  by  the  more  rapid  using  up  of  the  stored  food  material. 
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IV.  VARIATION   IN   LENGTH  OF  LIFE  OF  HOOETORM  LARVAE  FROM  THE 
STOOLS  OF  DIFFEREIW   IITOIVIDUAI^ 

In  connection  with  studies  on  tho   length  of 
life   of  infective  hoolasrorn  larvae  in  soils  under  varying 
conditions  of  environment  at  Utuado,   Porto,   during  the 
sumroer  of  1922,   I  made  an  experiment  to  ascertain  whether 
or  not  a  difference  existed  in  the  vitality  and  life  span 
of  larvae  developing  from  the   stools   of  different   persons. 
To  determine  this   point  fresh  stools  were  obtained  from 
twenty-t'.To  infected  individuals   living  in  and  near  Utuado. 
T-To  were  of  the  village  itself  and  the  remaining  twenty  vrere 
from  the  surrounding  mountains  and  valleys.     This  group, 
which  represented  fourteen  families,   included  adulb  field 
vforkers,  men  and  vromen,  \Tonen  housekeopers ,   children  work- 
ing part  time  in  the  fields,  women  who  were  no  longer  able 
to  work  in  the  fields  due  to  severe  hoolrvrorm  infections, 
carpenters  and  milk  venders.     The  stools  wore  cultured  in 
soil  which  had  been  previously  heated  to  kill  all  free- 
living  animals   present.     The  hook.rorm  larvae  were  isolated 
after  seven  days'   incubation. 

The  same  general  technique  was  employed  in  this 
experiment  as  -/ra.s  used  in  the  experiment   on  the   length  of  life 
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of  hoolcTOrm  larvae  made   in  Trinidad,    B.   VJ.    I.    (Augustine, 
1922  b).      The   larvae  were   counted  by  a  dilution  method 
which  was  found  to  insure  a  surprisingly  uniform  number 
of  larvae   in  each   container.      This  method    consists   in 
placing  an  estimated   quantity  of  larvae   in  a  15  ml.    centri- 
fuge tube   and   adding  sufficient  water  -   about   10  ml.   was 
found   convenient   -   so  that   after  thorough  mixing  by  draw- 
ing the  water   in  and   forcing  it   out   of  a  small   graduated 
pipette,   0,5  ml.   will   contain  approximately  the  number   of 
larvae   desired   for   the  exDeriment.      That  this  method   is 
accurate  enough  to  be  used  in  length  of  life   exneriments 
of  this  type  is  shown  by  the  results  of  ten  consecutive 
counts  of  samples  taken  from  the  same  suspension.     The 
results   of  these   counts  were   as   follows:    568,    518,    500, 
525,    521,    504,   564,    512,    515,    and   521.      Three   accurate 
counts  were  made  of  the   larvae   in  the  first  three  0,5  ml. 
amounts  for  each  of  the  twenty-two  series,   and  the  average 
was  used  to  denote  the  niomber  of  larvae  per  unit  of  a  ser- 
ies.    The  reductions,   percentages  of  reductions  and  the 
niimber   of   larvae  remaining  alive   after   an  isolation  were 
computed   from  this   niomber. 

The  larvae  thus  coTinted  were  placed   in  three- 
ounce   glass  jars  filled  three-fourths  full 


of  light,  moist,   sandy  loaua  soil,   of  a  type   common  through- 
out the  Utuado  district       Ten  such  jars  ".Tare   prepared  for 
each  individual.      In  all,  tirenty-two  series   of  ten  units 
each  constituted  the  experiment.      The  jars  vrere  placed  on 
a  table  on  the  east  gallery  of  the  laboratory,  vfhere  they 
were  protected  from  rain  and  direct  sunlight  by  the  gallery 
roof  and  nearby  palm  trees.      Thoy  werg,  hoirever,   subjected 
to  the  drying  winds  and  diffused  sunlight  played  upon  them 
for  a  short  time  in  the  morning. 

The  surface   of  the  soil  in  these  jars  vras 
alla/z-ed   fco  become  dry  each  time  before  more  water  v/as  added. 
The   soils  required  moisture  about  every  two  or  three  days. 

Such  an  environment  for  this  experiment  wsis   chosen  for  two 
reasons,  viz.,    (l)  to  test  the   length  of  life  of  hoolororm 
larvae  in  an  alternating  moist  and  drying  soil,   and   (2)  to 
test   in  an  environment  which  is  somewhat  unfavorable,  the 
resistance  and  length  of  life  of  infective  hookr.Torra  larvae 
from  the   stools   of  different  individuals.     Examinations  were 
made  vreekly  by  isolating  the   larvae  from  the   soil  v/ith  the 
isolation  apparatus  described  in  niimbsr  II  of  this   series 
(Cort,   Ackert,   et  al.,    1922),     'Therever  a  unit  vras   found  to 

be  negative,   another  unit  of  the   same  series  vras  examined 
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ona  or  t-.ro  days  later.   If  this  unit  was  also  nogative  that 
sories  was  closed  and  the  length  of  life  of  tho  larvae  vz-as 
regarded  as  having  terminated  at  the  time  of  the  first  nega- 
tive. However,  if  larvae  were  isolated  after  tho  first  nega- 
tive, the  examination  of  the  scries  ivas  continued  at  weekly 
intervals  until  two  successive  negatives  were   obtained. 

Table  I  gives  a  sum-.ary  of  the  twenty-b.To  ex- 
periments showing  the  number  of  larvae  recovered,  vj-ith  the 
percentages  of  reduction  occurring  on  the  dates  of  examination. 
Chart  1  shows  graphically  the  differences  in  the  rate  of  re- 
duction in  eight  of  the  experiments  from  Table  I.   The  number 
above  each  curve  corresponds  to  the  series  number  of  Table  I. 
The  rate  of  mortality  in  this  experiment  is  higher  than  the 
rates  for  larvae  kept  in  the  same  environment,  but  v/ith  the 
soil  constantly  moist.  This  higher  death  rate  can  be  attrib- 
uted to  the  alternating  moist  and  drying  condition  of  the 
soil.  The  significance  of  this  difference  '.rill  be  discussed 
in  a  later  number  of  this  series. 

Chart  2  is  constinicted  from  the  data  in  Table  I 
and  represents  the  limits  in  length  of  life  of  the  infective 
larvae  for  each  of  the  individuals.   It  strikingly  illustrates 
the  variations  in  the  length  of  life  of  hoolarom  larvae  obtained 
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TABLE  I. 

Showing  reduction  in  numbers  of  hookworm  larvae  from  the  feces  of  twenty-two 

individuals,  in  an  alternating  moist  and  drying  soil. 


Series 
Num- 
ber. 

Number 
larvae 
per  >mit. 

Date 
^started. 

Dates  of  examinations  of  units. 

415 

July    IS 

7/25 

8/1 

8/8 

8/15 

8/22 

8/29 

9/5 

9/12 

9/14 

' 

Larvae 
recovered 

202 

112 

32 

8 

21 

20 

1 

0 

0 

Percentage 
reduction 

51.3 

73.0 

92.2 

98.0 

94.9 

95.0 

99.8 

100 

100 

605 

July  20 

Dates  of  examinations  of  units. 

7/27  I   8/3      8/10 

8/17     8/24 

S/31 

9/7 

9/14 

9/16 

2 

Larvae 
recovered 

39 

51 

21 

18 

7 

2 

0 

0 

Percentage 
reduction 

93.5 

91.5 

96.5 

97.0 

98.8 

99.6 

99.6 

100 

100 

448 

July  20 

Dates  of  examinations  of  units. 

7/27      8/3 

8/10 

8/17 

8/24 

8/31 

9/1 

9/7 

9/8 

3 

Larvae 
recovered 

44      41 

14 

7 

1 

0 

2 

0 

0 

Percentage 
reduction 

90.1 

90.8 

96.8 

98.4 

99.7 

100 

99.5 

100 

100 

283 

July  27 

Dates  of  examinations  of  units. 

•8/3 

8/10 

«" 

8/24 

8/31 

9/7 

9/14     9/16 

4 

Larvae 
recovered 

234 

92 

. 

14 

8 

2 

0 

0 

Percentage 
reduction 

17.3 

67.4 

77.0 

95.0 

97.1 

99.2 

100 

100 

691 

July  29 

8/5 

8/12 

8/19 

8/26 

9/2 

9/9 

9/16 

9/18 

5 

Larvae 
recovered 

72 

53 

61 

8 

2 

1 

0 

0 

Percentage 
reduction 

89.5 

92.3 

91.1 

98.8 

99.7 

99.8 

100 

100 
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TABLE  I.     (Continued) 


July   31 


Larvae 
recovered 


Percentage 
reduction 


S/7      S/14     8/21      8/28       9/4      9/11     9/18     9/19 


83.9  9L7  97.9  99.3 


Dates  of  examinations  of  units. 


July   27 


Larvae 
recovered 


Percentage 
reduction 


8/10     8/17     8/24     8/31      9/7       9/9 


88.4  86.3  95.2  98.6  98.6  100    100 


8/5      8/18     8/19  i  8/26      9/2       9/9      9/10 


July  29 


Larvae 
recovered 


Percentage 
reduction 


5  96.5  98.5  98.2   100    100 


8/13     8/20     8/27      9/3      9/10     9/11 


Aug.  6 


Larvae 
recovered 


Percentage 
reduction 


93.7  96.1  94.2  100    100 


Larvae 
recovered 


Percentage 
reduction 


79.01  98.3 
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ber. 

Number 
larvae 
per  unit. 

Date 
series  was 
started. 

Dates  of  examinations  of  units. 

748 

Aug.  2 

8/9 

8/16  1  8/23 

8/30 

9/6 

9/7 

11 

Larvae 
recovered 

64 

4 

2 

1 

0 

» 

Percentage 
reduction 

91.4 

99.4 

99.7 

99.8 

100 

100 

396 

Aug.  3 

Dates  of  examinations  of  units. 

8/10 

8/17 

8/24 

8/31 

9/1 

9/7 

9/8 

12 

Larvae 
recovered 

10 

6 

6 

0 

3 

0 

0 

Percentage 
reduction 

97.4 

98.4 

98.4 

100 

99.4 

100 

100 

348 

Aug.  3 

Dates  of  examinations  of  units. 

8/10 

8/17 

8/24 

8/31 

9/7 

9/9 

13 

Larvae 
recovered 

14 

6 

1 

2 

0 

0 

Percentage 
reduction 

95.9 

98.2 

99.7 

99.4 

100 

100 

457 

Aug.  6 

Dates  of  examinations  of  units. 

8/13 

8/20 

8/27 

9/3 

9/4 

14 

Larvae 
recovered 

35 

4 

2 

0 

0 

Percentage 
reduction 

92.3 

99.1 

99.5 

100 

100 

650 

July  28 

Dates  of  examinations  of  units. 

8/4 

8/11  1  8/18 

8/25     8/26 

15 

Larvae 
recovered 

23 

45 

5 

0 

0 

Percentage 
reduction 

96.4 

93.0 

99.2 

100 

100 
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ber. 

Number 
larvae 
per  unit. 

Date 
series  was 
started. 

Dates  of  examinations  of  units. 

203 

Aug.  2 

8/9 

8/16 

8/23 

8/30 

8/31 

16 

Larvae 
recovered 

25 

8 

2 

0 

0 

Percentage 
reduction 

87.6 

96.0 

99.0 

100 

100 

456 

Aug.  3 

Dates  of  examinations  of  units. 

8/10 

8/17 

8/24 

8/31 

9/1 

1 

17 

Larvae 
recovered 

13 

3 

1 

0 

0 

Percentage 
reduction 

97.1 

99.3 

99.7 

100 

100 

528 

Aug.  4 

Dates  of  examinations  of  units. 

S/11 

8/18 

8y25 

9/1 

9/2 

18 

Larvae 
recovered 

8 

9 

1 

0 

° 

Percentage 
reduction 

98.4 

98.2 

99.8 

100 

100 

464 

Aug.  2 

Dates  of  examinations  of  units. 

8/9 

8/16 

8/23 

8/24 

8/30 

8/31 

1 

19 

Larvae 
recovered 

37 

3 

0 

, 

0 

0 

Percentage 
reduction 

92.0 

99.3 

100 

99.7 

100 

100 

344 

Aug.  1 

Dates  of  examinations  of  units. 

8/8      8/15 

8/22 

8/23 

1  i 

20 

Larvae 
recovered 

5        2 

0 

0 

Percentage 
reduction 

98.5 

99.4 

100 

100 

1 
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(Continved) 

Series 

Number 
lartae 
per  unit. 

Date 
series  was 
started. 

Dates  of  ex.iniinations  of  units. 

512 

July   31 

8/7 

8/14 

8/21 

S/23 

21 

Larvae 
recovered 

41 

11 

0 

0 

Percentage 
reduction 

91.9 

97.8 

100 

100 

433 

Aug.  4 

Dates  of  examinations  of  units. 

8/11 

8/18 

8/25 

8/27 

22 

Larvae 
recovered 

5 

2 

0 

0 

Percentage 
reduction 

98.8 

99.5 

100 

100 

Chaet  1.  Comparison  of  the  rate  of  mortality  at  weekly  intervals  and  length 
01  life  of  hookworm  larvae  from  eight  different  individuals,  in  an  alternating 
moist  and  drj-ing  soil. 


19      ZO      21     22 

Individuals 

Chart  2.     Eepresenting   the   limits   of   the   life   span   of   the    hookworm   larvae, 

from  twi-nty-two  different  individuals,  in  an  alternating  moist 

and  drying  soil. 


from  the  different  individuals.   Each  bar  represents  the 
time  from  the  isolation  of  the  larvae  from  the  cultures  to 
finding  the  series  negative.   The  actual  dying  out  of  the 
larvae  therefore  occurred  some  time  during  the  last  week. 
It  can  be  seen,  therefore,  that  the  hookworm  larvae  obtained 
from  cultures  of  the  feces  of  a  number  of  individuals  show 
differences  both  in  the  rate  of  dying  out  (see  chart  l)  and 
in  the  final  limits  of  their  life  (see  chart  2), 

No  adequate  explanation  of  this  variation  in  the 
length  of  life  of  hookviorm  larvae  from  different  individuals 
can  be  given  from  the  data  obtained  from  this  experiment. 
Neither  could  a  definite  correlation  be  discovered  between 
the  age,  food  habits,  or  occupation  of  the  various  individuals 
and  the  length  of  life  of  the  larvae  coming  from  them. 

This  difference  in  length  of  life  of  infective  hook- 
worm larvae  from  different  persons  may  be  due  to  several  factors. 
The  length  of  life  of  the  larvae  developing  from  the  egcs  of  a 
single  female  may  be  an  inherited  characteristic.   Certain  races 
may  have  a  longer  span  of  life  than  other  races.   This  would, 
however,  only  account  for  a  certain  number  of  larvae  coming  from 
a  single  stool,  for  a  given  infestation  v/ould  probably  not  re- 
present a  parasitism  on  the  part  of  a  single  race.  A  few  larvae 
are  picked  up  here  and  there  and  at  different  intervals,  so 
that  an  infected  person  would  probably  harbor  many  races. 
It  is  possible  that  the  diet  and  physical  condition  of  the 
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infected  individuals  affocts  the  physical  condition  of  the 
adult  iTorms  in  the  intestine,  which  in  turn  vfould  influence 
the  character  of  the  eggs  and  larvae.  The  character  of  the 
diet  of  the  individual  may  directly  affect  the  length  of 
life  of  the  larvas,   Looss  (1911,  p.  374)  found  a  narked 
variation  in  development  of  the  larvae  due  to  the  character 
of  his  diet.  Vie  should  expect  a  longer  length  of  life 
among  tve  11 -nourished  larvae  tlmn  among  those  ■which  have  in- 
sufficient nutrition.  Stoll  (1923),  in  a  series  of  labor- 
atory experiments,  found  that  a  poor  development  of  larvae 
occurred  in  acid  stools  from  individuals  on  a  high  vegetable 
diet,  T7e  should  therefore  expect  a  shorter  span  of  life 
among  the  larvae  developing  in  an  unfavorable  environment 
than  in  one  which  is  favorablo.  Again,  the  excrements  from 
persons  ill  or  physically  weak  may  contain  certain  excretions 
from  the  body  in  such  amounts  as  to  alter  the  normal  length 
of  life  of  the  larvae  developing  in  them. 

It  is  probable  that  there  is  not  one  factor 
alone  responsible  for  this  variation.  Tlie  important  point, 
hovTever,  that  that  this  experiment  has  sho^rn  is  that  a 
difference  does  exist  in  the  larvae  obtained  from  different 
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individuals.  Such  variations  may  in  part  account  for  the 
differences  in  the  results  of  investigators  on  the  length 
of  life  of  infective  hooJcTorm  larvae. 
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V,  OBSERVATIONS  OlS  THli;  COUPLET  lOH  OF  THJi;  SECOND  SCDYSIS 
OF  NEGATOR  AICBRICAIIUS . 


Historical  Account. 

In  1880  Perroncito  discovered  that  upon  certain 
manipulations  of  a  microscopical  preparation  of  mature  hookworm 
larvae,  the  sheaths  would  break  and  the  enclosed  larvae  escape. 
Leichtenstern  (1887)  also  observed  this  phenomenon  in  hookworm 
cultures  four  to  five  weeks  old,  after  the  sheath  had  become 
brittle,  and  stated  that  a  nevf  covering  was  formed  a  few  days 
later  in  the  place  of  that  cast.  He  vras  of  the  opinion  that 
the  casting  of  the  sheath  occurred  only  among  old  larvae. 
In  1902  Lambinet  succeeded  experimentally  in  inducing  infect- 
ive larvae  to  unsheath  by  placing  them  in  gelatine.  He  ob- 
served that  in  this  medium  unsheathing  vras  a  purely  mechanical 
process,  the  efforts  of  the  larvae  freeing  them  from  their 
sheaths  which  were  held  Tast  in  the  meditim.  Herman  (1905) 
also  induced  larvae  to  cast  their  sheaths  by  placing  them  in  a 
small  aimount  of  aqueous  solution  of  an  aniline  dye.  looss 
(1911),  on  repeating  Herman's  experiments,  found  that  the  larvae 
did  not  become  unsheathed  in  the  solution  of  the  dye,  regardless 
of  the  concentration,  except  beneath  a  cover-glass  and  then  only 
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■when  a  very  thin   layer  of  the   liquid  remained  betv/een  the 
slide  and  the  coverglass.      Looss  also  found  that   infective 
larvae  became  unsheathed  in  imter  onlji-  under  these  same 
conditions.     From  his  observations  he  concluded  that  foreign 
particles  must  be  present  in  the  v/ater   or  the  mediuiri  be   of 
sufficient  viscosity  to  retain  tine  sheaths  so  tliat  the   larvae 
can  mechanically  force  their  Viray  out.      In   observing  the  pro- 
cess  of  unsheathing  in  staining  fluids  Looss  found  that  the 
movements  of  the   larvae  were  greatly  increased  immediately 
after   contact  with  the  stain.     ?Jhen  the  layer  of  the  fluid 
ims  thick  the  movements   of  the   larvae  were   of  a  boring  nat- 
ure,  head  doww/ard  on  the  slide  and  never  in  an  upv/ard  dir- 
ection a;-:ainst  the  coverglass.      He  is   of  the   opinion,    (1911, 
p.   433),    "that  the   increased  stimulation   caused  by  the  stain 
is  in   some  vmy  comparable  to  the  conditions  the  larvae  meet 
either   on  or  in  the  body  of  their  host;   so  that  they  are  led 
to  believe  that  they  have  reached  their  final  destination." 
He  considers  that  the  ecdysis   in  dye  solutions  is  actively 
produced  by  the  larvae;  that  is,  they  exert  themselves  to 
leave  their  envelopes,   and  under  favorable   conditions  succeed. 
In  preparations  made   of  vrater  only  he  considers  the  node  of 
unsheathing  as  passive  as   far  as  the  larvae  are   concerned  and 
thinks  it  results  from  the  mechanical  retention   of  the  sheath 
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TThile  the  larva  breaks  its  way  out  by  trying  to  move  ontrards. 
Looss  concludes,  however,  that  the  process  of  ecdysis  itself 
is  purely  mechanical,  and  remains  the  same  vrhether  performed 
actively  or  passively  by  the  lajrvae.  The  observation  by 
Leichtenstern  of  the  larvae  becoming  again  ensheathed  after 
once  casting  the  old  skin  was  not  confinned  by  Looss  and  he 
clearly  shows  that  such  a  process  is  improbable  a  priori 
from  biological  reasons. 

It  is  interesting  to  note,  that  although  the 
factors  responsible  for  the  unsheathing  of  mature  larvae  were 
observed  by  so  many  of  these  earlier  investigators  under  exp- 
erimental conditions  they  were  not  recognized  as  operating  in 
the  natural  environment  of  the  larvae,  namely,  the  soil.   It 
was  believed  that  in  the  normal  course  of  events  the  sheath 
was  only  thrown  off  when  the  larva  penetrated  the  skin  of 
the  host  and  entered  the  third  stage  of  its  life. 

In  1917  Baerman  noted  the  presence  of  unsheathed 
forms  in  his  isolations  of  hookworm  larvae  from  samples  of 
soil  taken  from  infested  areas.  The  real  significance  of 
this  finding  v;as  not  realized  and  he  attributed  the  loss  of 
their  sheaths  to  the  passage  through  the  apparatus  used.  That 
some  unsheathing  may  occur  during  the  passage  of  larvae  through 
the  isolation  apparatus  was  found  during  our  experiments  on 
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the  standardization  of  an  apparatus  similar  to  that  used  by 
Baennan  (Cort,  Ackert  et  al,  1922 j. 

V.'hile  closely  examining  the  surface  of  the  soil 
in  one  of  my  experiments  on  the  migrations  of  infective  hook- 
worm larvae  during  the  sumir.er  of  1921  (Augustine,  1922  a.) 
larvae  were  found  protruding  from  the  more  prominent  soil 
particles  and  were  confined  within  the  center  of  pollution. 
To  determine  vfhether  or  not  the  larvae  were  distributed  through- 
out the  soil  clunps  a  small  portion  was  placed  on  a  glass  slide, 
cut  in  t;T0  and  a  few  drops  of  vmter  added.  Upon  examination 
v/ith  the  microscope  thirea  active  unsheathed  larvae  were  found. 
Further  observations  were  made  upon  soil  taken  from  other  exp- 
eriments and  the  presence  of  unshoathed  larvae  and  their  cast 
sheaths  were  always  found.  These  findings  indicated  that  the 
completion  of  the  second  ecdysis  might  be  a  common  process 
under  natural  conditions  and  were  confirmed  both  in  other 
laboratory  studies  and  in  the  field  investigations  of  that 
summer  (Cort,  Augustine,  et  al.,  1922)  (Cort  and  Payne,  1922J. 
During  the  sumjner  of  1922  this  phenomenon  vras  constantly  en- 
countered both  in  the  laboratory  experiments  and  field  studies 
made  at  Utuado,  Porto  Rico. 
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Comparison  of  bhe  First  and  Second  jjcd^i'sig  of 
Hook\Torin  Larvae. 

A  comparison  of  the  development  of  the  hoo>?<rorm 
larva  from  the  time  it  hatches  from  the  egg  with  the  period 
after  the  first  ecdysis  to  the  infective  stage  shovTS  certain 
definite  physiological  differences  Trhich  make  the  tvro  ecdyses 
distinctly  unlike.  The  first  ecdysis  is  duo  to  the  increasing 
sizQ  of  the  larva  v/hich,  as  it  vTere,  bursts  the  old  skin.  iJ'tar 
the  larva  has  reached  maturity,  however,  it  shrinks  in  size  and 
a  space  results  bet-.rcen  the  separated  cuticula  and  the  larva. 
This  old  skin  or  sheath  is  then  retained  and  serves  as  a  prot- 
ective covering  unless  broken  and  shed,  usually  vrith  the  aid 
of  outside  agencies.  The  following  experiments  and  obseiTations 
vrere  made  to  gain  information  on  the  nature  of  these  agencies  and 
their  relation  to  the  casting  of  the  sheaths  of  infective  hook- 
v/orm  larvae. 

Mterial  and  Methods. 

The  infective  larvae  of  Necator  americanus  used  in 
the  unsheathing  experiments  irere  isolated  from  soil  cultures 
incTibated  at  27°  C.  for  six  days.  Under  six  days  many  transit- 
ional forms  vrere  encountered  .rhich  are  undesirable  for  such 
studies.  The  unsheathed  larvae  recovered  at  the  close  of  an 
experiment  on  the  relationship  of  the  coarseness  of  the  soil  to 


the  rate  of  unsheathing  were  used  in  comparing  the  resistance 
of  the  sheathed  and  unsheathed  ferns  to  various  chemicals. 
The  sane  general  technique  was  employed  in  counting  the  larvae 
and  preparing  the  soils  in  these  experiments  as  has  been  prev- 
ious!;/ described  (Aup^ustine,  1922a j.   In  addition  to  these  exp- 
eriments direct  evidence  vms  obtained  regarding  process  of  un- 
sheathing and  on  the  resistance  of  the  sheathed  and  unsheathed 
forms  during  the  studies  on  the  length  of  life  of  infective 
hooloworm  larvae  under  varying  conditions  both  in  Trinidad  and 
Porto  Rico.  These  experiments  .vill  be  discussed  here  in  this 
relationship  only. 

Experiments  and  Observations  on  Faptora 
Influencing  the  Loss  of  the  Sheath. 
Ti-.e  experiments  on  the  unsheathing  of  mature  hook- 
TTorn  larvae  in  water,  agueous  methyl  green  and  gelatine,  as 
made  by  Looss,  were  repeated  and  my  observations  confirm  his 
in  showing  that  the  ecdysis  is  a  purely  mechanical  process.   It 
was  found  however,  that  the  larvae  may  become  unsheathed  in 
water  only.   This  phenomenon  Irnd  been  already  observed  by  Lief- 
mann  (1905,  p.  357)  but  not  confii'med  by  Looss  (1911,  p.  434). 
In  my  experiments  the  unsheathing  in  water  more  frev-juently  occurs 
among  older  larvae,  about  eight  weeks  of  ago,  although  it  may  take 
place  among  relatively  young  mature  forms.  Under  these  circumstances 
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tho  old  skin   is  broken  during  the  lateral  flexuras   of  the 
larva.     This  break  in  the  sheath  usually  occurs  a  bit  ant- 
erior to  the  nerve  ring  or  at  the  middle  portion   of  the  en- 
closed lai*va   (Fig.   1).      It   is  at  these  two  points  that  the 
greatest  stress   plays  upon  the   sheath  during  the  activities 
of  the  larvae  and  vfhore  the  vrell  knovra  ro,^lar  iTrinkies   of 
the  sheath  appear  most   proni  .ontly.      The  break  is  always 
clear   cut  and  apparently  follovirs  a  striation.      It   is  gener- 
ally believed  that  the   sheaths  of   infective  larvae  becoBie 
more  brittle  with  age.     Accepting  this  as  time,  the  increased 
number  of  empty  sheaths  among  older   larvae  is  accounted  for 
by  the  increasing  rigidity  of  the  sheaths  T/-hich  renders  them 
more  breakable  during  the   lateral  flexures  of  the   larva. 

From  my  observations  of  mature  hookvTorm  larvae 
in  staining  fluids,   particularly  in  aqueous  solutions  of 
methyl  green,  as  used  by  Looss,   I  cannot  attribute  the  boring 
movements  to  the  action  of  the  dye.      Neither  can  I  liken  the 
properties   of  the  staining  solution  to  those  vfhich  act  upon 
the   larvae  on,    or  in,  the  body  of  the  host    (see  Looss,   1911, 
p.   4.53).     The33  boring  movements   of  the   larvae  are  alsolconstant 
in  aqueous  preparations  Tfirhen  examined  under  the  microscope  and 
are  apparently  due  to  the  light  and  heat   coming  up,  through  the 
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condenser   of  the  microscope.      To  teat  this   point  larvae  vrere 
placed  on  a  glass   slide  and  a  fe'a  drops  of  aqueous  .-nethyl 
green  were  added.     No  cover  glass  Viras  used.     Upon  microscop- 
ical examination  "ffith  light  obtained  from  an  electrical  sub- 
stage  illuminator  the   larvae  were  found  to  be  in  great  activity 
with  heads  downward.      I  then  heated  the  blade   of  a  small  knife 
and  placed  it    to  one  side  of  the  preparation.      The   larvae  alsiost 
immediately  turned  array  fron  the    light  coning  fron  heloTif  and 
moved  in  the  direction  of  the  heated  blade.     ".Then  the  knife 
blade  was  removed  the   larvae  again  moved  toward  the  light  and 
resumed  their  former  activities.     The  knife  blade  vras  heated 
and  held  directly  over  the  preparation  and  the   light  from 
belovr  was   reduced  to  a  minimum.      The  position   of  the  larvae  Viras 
now  re'/ersed  and  although  they  did  not  reach  the  upper  surface 
of  the  preparation  their  movements  were  distinctly  headed  in 
that   direction.     The   light  from  below  was  then  removed  and 
the  preparation  vms  allovfed  to  remain  on  the  stage  about   15 
minutes.     Upon  replacing  tlio  light  most  of  the  larvae  were 
found  to  be  motionless  while  others  were  moving  in  the  hori- 
zontal plane.     'Vithin  a  fevr  seconds  the  active   larvae  again  took 
upon  themselves  the  boring  movements   on  the  substratum  and  in 
a  few  minutes   later  the  inactive  ones   gave  the  same  response. 
"Thile  it   is   true  that  the  dye  may  have  stimulated  the   larvae  "to 
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greater  activity,  a  similar  reaction  occurs  in  thin  vrP.tor 
preparations.  Here  the  increased  stimulation  is  apparently 
due  to  the  pressure  of  the  covor  glass  upon  the  larvae  or 
in  absence  of  the  cover  glass  the  pressure  of  the  surface 
film.  As  to  the  stimuli  responsible  for  the  boring  move- 
ments of  Che  larvae,  as  observed  under  the  microscope,  heat 
and  light  are  evidently  very  important ,  heat  playing  a 
greater  role  than  light.   It  seeras  plausible  to  attribute 
the  heat  of  the  body  as  being  an  important  factor  in  direct- 
ing the  larvae  -ffithin  its  host.  Similar  reactions  of  the 
larvae  to  heat  have  been  observed  by  Khalil,  (Klialil,  1922). 

The  actual  casting  of  the  sheath  is  described 
by  Looss  (1911,  p.  432)  as  occurring  from  the  result  of  a 
tear  in  the  outer  covering  constantly  taking  place  in  such 
a  Tray  that  a  cap,  about  0,02  mri.  long  iSiSplit  off  along  a 
line  running  at  right  angles  to  the  axis  of  the  bod.y.  The 
margin  of  the  skin  rebounds  at  the  same  instant  almost  to 
the  level  of  the  nervous  system.  The  cap  vras  found  to  remain 
on  the  head  of  the  larva  for  sometime,  and  when  the  break 
vras  not  complete  to  adhere  to  the  rest  of  the  skin.  The 
further  casting  of  the  old  skin  was  found  to  proceed  rapidly 
and  to  be  accomplished  after  a  fevT  efforts  of  the  larvae. 

In  my  experiments  the  manner  of  unsheathing  has 
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not  been  constant.   It  seens  to  have  a  definite  relation  to 
the  character  of  the  environment.  As  has  previously  been  des- 
cribed, the  completion  of  the  second  ecdysis  in  vmter  alone 
takes  place  by  a  break  in  the  sheath  due  to  the  lateral  flex- 
ures of  the  larva.  In  microscopical  slide  preparations  with 
water  or  aqueous  dye  solutions  on  vrhich  a  cover  glass  is  used 
the  casting  of  the  sheath  usually  results  sifter  a  longitudinal 
tear  along  one  of  the  median  lines.  This  break  is  brought 
about  by  the  meclianical  retention  of  the  sheath  by  the  slide 
and  cover  glass  and  the  force  of  the  larva  moving  fonrard, 
frhich  at  first  stretches  the  sheath  and  later  produces  the 
rip.  (See  fig.  2). 

Further  experiments  were  made  on  the  laisheathing 
of  mature  larvae  in  three  different  types  of  environments,  viz.: 
(l)  noist  ground  glass,  (2)  moist  sand  and  (3)  a  moist  garden 
loam  containing  a  fair  amount  of  decaying  vegetation.  These 
substances  were  placed  in  Syracuse  watch  glasses  and  an  approx- 
imately equal  nimber  of  sheathod  larvae  added  'co  each.  Fifteen 
hours  later  bits  of  the  surface  vrere  transferred  to  glass  slides, 
a  fevj-  drops  of  ¥/--j.ter  added  and  a  mocroscopical  examination  was 
made  of  the  empty  capsules  present.  The  empty  sheaths  found  in 
the  ground  glass  appear  entirely  free  from  clinging  debris  and 
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their  anterior  ends  show  a  clean  brealc  either  at  a  right 
angle  with  the  long  axis  of  the  body  or  at  a  slighter  angle 
(see  fig.  3).   Upon  isolation  of  the  larvae  from  the  glass 
after  fifteen  hoiirs,  over  4:0%  were  found  to  be  without  sheaths. 
As  newly  matured  larvae  do  not  become  unsheathed  in  v/ater  to 
this  extent,  at  least  in  15  hours,  the  loss  of  the  sheaths  in 
this  instance  may  be  attributed  to  their  tips  being  cut  by  the 
sharp  edges  of  the  glass  during  the  activities  of  the  larvae. 

In  sand  a  large  nunber  of  larvae  become  un- 
sheathed due  to  the  wearing  away  of  the  anterior  end  of  the 
sheath  against  the  rough  and  sharp  particles.  Here  the  tip 
of  the  sheath  presents  a  jagged  appearance  and  usually  but 
little  debris  is  found  clinging  to  it.   (see  fig.  4).   In  the 
clay  loam  soil  larvae  lose  their  sheaths  by  first  boring  be- 
tween small  closely  packed  masses  of  soil  or  into  bits  of  de- 
caying vegetation,  (.see  figs.  5  and  6)   which  hold  the  sheaths 
fast.   The  sheath  is  then  torn  at  the  sinter ior  end  by  the  larva 
moving  onwards.   The  process  is  identical  with  that  observed  under 
the  microscope  in  very  thin  preparations.   Prom  these  observa- 
tions it  is  apparent  that  the  completion  of  the  second  ecdysis 
of  infective  larvae  may  be  accomplished  in  different  ways  de- 
pending largely  upon  the  character  of  the  environment. 

Table  I  gives  the  data  obtained  from  a  series 
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of  expariments  to  detgrmino  the  rslation  of  the  amount  of 
unsheathing  to  the  siza  of  the  particles  of  the  medium.   In 
these  experiments  sand  was  graded  by  sifting  it  through  a 
nest  of  five  sieves  of  20,  40,  60,  80  and  100  mesh  respect- 
ively. The  graded  sand  vras  placed  in  Syracuse  vratch  glasses 
and  moistened  after  the  addition  of  the  larvae.  The  experiment 
when  set  consisted  of  14  units;  the  units  each  of  the  whole 
sand,  two  units  each  of  the  grades  retained  by  the  20,  -iO,  60, 
80  and  100  m--sh  sieves  and  t'vTo  of  tho  grade  passed  thrcfugh 
the  last  sieve.   Isolations  of  a  unit  of  each  grade  vrere  made 
15  hours  after  the  experiment  vras  started.  The  second  set  of 
units  were  examined  one  -.reak  later.  The  soils  were  kept  con- 
stantly moist  during  this  period. 

In  both  isolations  however,  percentages  of  unsheathed 
larvae  were  recovered  in  the  coarser  grades.  ".Vith  the  increasing 
fineness  of  the  soil  particles  this  percentage  increases  until  a 
grade  is  reached  irhere  tho  number  of  unsheathed  forms  decreased. 
Tlieso  results  seem  to  indicate  that  in  the  coarser  soils  the 
larvae  though  free  to  move  do  not  meet  the  obstacles  which  hold 
tho  sheaths  as  in  the  finer  grades  and  that  in  extremely  fine 
soils  they  are  unable  to  move  through  the  soil  to  any  extent  and 
therefore  less  unsheathing  occurs.  The  results  obtained  from 
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the  last  examinations  of  the  second  series  do  not  conform 
irith  those  of  the  first  series.   It  is  apparent  that  sone 
outside  factor,  which  cannot  be  explained  at  this  tine,  is 
responsible  for  these  differences. 

Comparative  Resistance  of  Sheath  and  Unsheathpd  Larvae. 

That  unsheathed  hoolavom  larvae  are  less  resistant 
than  the  sheathed  forrr.s  vrhen  in  unfavorable  environments  has 
been  previously  noted  (Auj^stine,  1922,  b).  Tn  gain  further 
infornation  on  this  point  a  series  of  observations  were  made 
on  the  reactions  and  lengths  of  life  of  both  types  in  various 
chemicals.  The  lai-vae  irere   placed  in  hollow  ground  slides  and 
the  chemicals  added  after  the  excess  T/ater  .fas  removed.  In  a 
1^  carbolic  acid  solution  both  sheathed  and  unsheathed  larvae 
vrere  quickly  stimulated  into  intense  activity.  Fifteen  mdnutes 
after  the  addition  of  the  acid  the  unsheathed  forr.s  were  sluggish 
and  their  movements  entirely  spasmodic.  After  22  minutes  all  of 
these  were  dead.   Th-e  sheathed  larvae  were  oxtromely  active  for 
20  minutes  after  T/-hich  the  rate  vms  noticeably  reduced.  All 
vrere  dead  after  40  minutes  and  disintegration  was  observed  after 
45  minutes.  None  of  the  larvae  regained  activity  upon  replacing 
the  acid  vrith  ?mter.  In  a  1^  formalin  solution  a  few  unsheathed 
larvae  lived  for  55  minutes  while  the  majority  aoneared  inactive  and 
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and  lifeless  after  20  ninutes.  Sheathod  larvae  in  the  sane 
soliition  lived  for  55  minutes.  Neither  forr.s  regained  activity 
\rhen  placed  in  irator.   In  10<  formalin  unsheathed  larvae  died 
TTithin  3  minutes.  Out  of  a  large  number  of  sheathed  forms 
one  persisted  for  30  minutes  v.'hile  the  others  showed  a  greater 
susceptibility  and  died  within  23  minutes.  Similar  results 
were  obtained  vrith  saturated  corrosive  sublimate.  Fiany  of  the 
unsheathed  larvae  died  within  the  first  4  ninutes  after  the 
addition  of  the  sublimate.  A  fevr  lived  for  30  minutes.  All 
the  sheathed  larvae  were  active  for  30  minutes  and  died  aftor 
65  minutes.  Each  of  the  above  used  chemicals  has  a  characteristic 
effect  on  the  larvae  .vhich  aids  in  determining  the  time  of  death. 
Shortly  after  a  larva  has  ceased  activity  in  carbolic  acid  solutions 
a  clear  discliarge  appears  at  the  opening  of  the  buccal  cavity.  A 
fev/  minutes  later  the  intestinal  cells  appear  as  if  "cleared"  and 
the  worm  lies  outstretched  (see  text  fig.  7). 

In  formalin  the  larvae  coil  up  immediately  upon  cess- 
ation of  the  lateral  flexures  and  appear  as  perfect  rings.  The 
intestinal  cells  remain  vrell  preserved  and  retain  their  character- 
istic sheen  (see  fig.  8).   Corrosive  sublimate  Ims  much  the  sarr.e 
effect  upon  the  larvae  as  the  formalin  except  that  the;'  usually 
do  not  coil  but  lie  stretched  out  (see  fig.  9). 
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Table  II  gives  further  data  on  the  conpajrative 
resistance  of  sheathed  and  unsheathed  hoolavom  laj-va-e  Tfhich 
are  taken  from  one  of  the  Porto  Rican  experiments  on  the 
length  of  life  of  the  larvae  in  a  drying  clay  loam  soil.  The 
details  of  this  experiment  vrill  be  published  in  a  later  number 
of  this  series.  Suffice  it  to  say  that  at  the  beginning  of 
the  experiment  the  amount  of  soil  and  water  in  each  container 
-.vere  uniform  (by  weight)  and  that  the  amount  of  water  present 
in  the  soil  was  determined  on  the  day  of  examination.   The 
soils  received  no  additional  water  after  the  experiment  was 
begun.  The  experiment  was  carried  on  under  dense  shade.  A 
study  of  the  percentages  of  sheathed  and  unsheathed  larvae 
appearing  on  the  first  and  following  examinations  (see  Table 
II)  will  show  (l)  that  a  large  number  became  unsheathed  early 
in  the  experiment  and  (2)  thjit  the  unsheathed  forns  were  the 
first  to  succwib  to  the  adverse  condition.  As  the  sheathed 
lari/ae  recovered  on  the  last  examinations  were  vcell  nourished, 
which  was  probably  due  to  inactiviity,  the  mortality  can  only 
be  attributed  to  dessication.  The  above  experiments  irhich 
shoiT  distinct  differences  between  sheathed  and  unsheathed 
larvae  in  their  resistance  to  adverse  conditions,  indicate 
that  the  percentage  of  unsheathed  larvae  in  a  given  environment 
must  be  considered  when  estimating  the  effect  of  adverse  con- 
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Table  II.  Showing  the  compai-ative  resistance  of  sheathed  and  unsheathed  hooV-vrorm 
larvae  in  a  drying  clay  loam  soil  under  dense  shade.  The  experiment  was  started 
June  29,  1922. 


No  of 

No.  Larvae 
per  unit 

Day 
8:-:amined 

Larvae  Recovered 

Total 

^Sheathed 

fo  Unsheathed 

unit 

Sheathed 

Unsheathed 

1 

55S 

July  4 

160 

134 

294 

54.5 

45.5 

2 

357 

"  3 

165 

22 

1S7 

88.3 

11.7 

3 

390 

"  14 

201 

26 

227 

33.6 

11.4 

4 

400 

"   19 

59 

3 

G2 

35.2 

4.8 

5 

572 

"  24 

51 

0 

51 

100 

0 

6 

414 

"  31 

15 

0 

15 

100 

0 

7 

401 

August  7 

0 

0 

0 

0 

0 

8 

488 

"     8 

0 

0 

0 

0 

0 
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ditions  on  infect ivo  hoolcrorm  larvao. 


Infectivity  of  the  Unsheathsd  Hoolctyona  Larvae. 

It  v/as   previously  demonstrated  that  unsheathed  hoolc- 
"FTorn  larvae  can  penetrate  maranialian  skin    (Augustine,   1922,  b). 
The  following  experiment  was  made  to  determine  whether  they  can 
also  reach  the  intestine  and  become  adults.      Tvrenty-five  unsheathed 
larirs.e   of  Necator  americanus  were  placed  on  the  left  forearm  of  a 
volui'iteer  ^vho  had  been  examined  previously  at  various   intervals 
and  found  to  harbor  no  intestinal  worms.     The   larvae  were   obtained 
from  soil  cultures  7  days   old  and  were   later  recovered  after  losing 
their  sheaths  in  moist  sand  in  \rhich  they  had  been  placed  24  hours 
previous.     After  the   l8.rve.e  vrere  applied  to  the  ana  a  moist  gauze 
bandage  was   placed  over  the   infected  area  o.nd  fastened  vrith  ad- 
hesive tape,     "Tithin  20  minutes  definite  irritation  was  sensed, 
vrhich  continued  for  five  days.     The  gauze  was  removed  after   one 
hour  and  19  distinct   salmon  red    ^esions  were  counted  where  the 
larvae  had  entered  the   skin.     lisaminations  made  by  the  smear 
and  Xofoid  Barbor  brine   loop  flotation  methods  v/ere  negative   2 
and  4  weeks   later  but  vrere  positive  for  hoolrv/orm  ova  on  the   6th 
week  after  the  penetration   of  the  skin  by  the   larvao. 

From  a  comparative  study,  made  by  N.    R.   Stoll,    of  the 
egg  output  of  the  above  infection  vrith  a  parallel  infection  devel- 
oping from  50  shoathed  larvae  in  a  second  individual  there  appears 
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to  be   little   or  no  difference  in  the  infectivity  of  the  t'.ro 
forns.      In  the   first   infection.  A,  vz-ith  25  unsheathed  larvae 
an  average  of  about  40,000  eggs  per  day  were  expelled  on  a 
ten-day  study  made  five  months  after  the  skin  infection.     In 
infection  B,  with  50  sheathed  larvae  an  average   of  about 
100,000  eggs  per  day  were  expelled  on  a  forty  day  study  riiade 
after  the  same  interval  of  time,     "liile  infection  A  vras   50^^ 
of  B  at  the  time  of  skin  infection  its  egg  count  per  day 
shoiTs  it  to  be  40^  of  B's  at  the  time   of  the  egg  counts  made 
5  months   later.      The  difference  is  probably  insignificant. 
The  details   of  these  observations  will  be  published  in  a 
later  nuiber   of  this  series. 
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Fig,  1,   Sheath  oast  in  water. 


Fig.  2.   Sheath  cast  by  its  retention  by  the  slide  and  the 
cover  glass  and  the  force  of  the  larva  moving  forward.   The 
larva  escapes  by  a  tear  at  the  anterior  end  of  the  sheath. 


Fig,  3,  Sheath  cast  in  ground  glass, 


Fig,  4,   ShoTving  characteristics  of  sheath  cast  in  sand. 
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Fig.  5,      Showing  characteristics  of  sheath  cast   in  a  clay 
loam  soil. 


Fig.   6.     Sheath  cast  by  larva  penetrating  a  mass  of  vegetable 
debris. 


Fig.  7.   Characteristics  of  larva  killed  in  carbolic  acid.   Note 
omission  of  fluid  at  anterior  end  of  esophagus. 


Fig.  8.  Characteristics  of  larva  killed  in  formalin, 


Fis*  9«   Characteristics  of  larva  killed  in  corrosive  sublimate. 
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Suraiiiary. 


1.  The  second  ecdysis  of  Wecator  americanus  although  a  mechanical 
process  is  found  to  be  distinctly  unlike  the  first  moult.  The 
first  ecdysis  is  due  to  the  increasing  size  of  the  larva  v;hich 
bursts  the  skin,  7/hile  after  the  larva  reaches  maturity  it  shrinks 
and  the  old  skin  is  retained  unless  broken  during  the  lateral 
flexures  of  the  lairva  or  hy  the  mechanical  aid  from  foreign  sub- 
stances, 

2.  .  The  manner  of  unsheathing  is  largely  dependent  upon  the  character 

of  the  environment.   In  sand  the  anterior  end  of  the  sheath  is 
worn  down  by  friction  against  rough  surfaces  while  in  clay  loams 
the  sheath  is  retained  by  fine  r.asses  of  soil,  vegetation,  etc., 
and  becomes  broken  by  the  larva  moving  omrards. 

3.  The  rate  of  unsheathing  in  a  given  number  of  larvae  was  found  to 
be  directly  related  to  the  texture  of  the  soil. 

4.  Unsheathed  larvae  v.-ere  found  to  be  less  resistant  to  unfavorable 
conditions  than  sheathed  larvae. 

5.  In  an  infection  experiment  it  vras  proven  that  unsheathed  larvae 
are  infective  and  become  adults  in  the  intestine  within  G  vreeks 
after  the  larvae  penetrated  the  skin. 

6  .  No  difference  was  evident  from  data  obtained  from  daily  egg  output 
calculations,  in  the  infectivity  of  sheathed  and  unsheathed  larvae, 
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VI.  FURTHER  OBSERVATIONS  ON  THE  MIGRATIONS  AND  THE  POSITION 
OF  INFECTIVE  HOOKV/ORM  LARVAE  IN  SOILS. 


In  a  mimber  of  experiments  made  in  Trinidad,  British 
West  Indies,  during  the  summer  of  1921  (Augustine,  1922)  it  was 
found  that  infective  hookv.'orm  larvae  do  not  actively  migrate  in 
the  horizontal  plane,  and,  as  long  as  the  soil  is  moist,  remain 
on  or  within  its  upper  surface.  The  observations  from  these 
laboratory  experiments  were  confirmed  during  the  same  summer  by 
the  field  studies  of  Cort  and  Payne,  (l922,  a  and  b),  who  showed 
that  the  larvae  are  definitely  localized  at  places  of  soil  pollu- 
tion. 

During  the  following  summer,  1922,  further  evidence 
on  the  failure  of  hookworm  larvae  to  leave  the  place  of  develop- 
ment was  obtained  from  a  series  of  field  experiments  performed 
at  Utuado,  Porte  Rico,  on  the  length  of  life  of  the  infective 
larvae  (Augustine,  1923).   In  these  experiments  fresh  stools  con- 
taining abundant  hookworm  ova  were  placed  in  the  centers  of 
twelve  wooden  boxes,  eighteen  inches  square  and  one  foot  deep, 
filled  three-fourths  full  of  moist  soil.   These  boxes,  some  with 
vegetation,  others  without,  were  placed  in  different  environments 
which  offered  a  varietj''  of  conditions. 

Examinations,  with  the  unaided  eye  and  with  a  hand 


lens,  of  the  surface  of  the  soils  ten  days  later  revealed 
nxmerous  aggregations  of  larvae  protruding  from  the  more 
prominent  soil  lumps  and  from  small  pebbles  in  all  the 
boxes,  where  development  was  sufficiently  great  for  such 
observations.   Larvae  were  concentrated  within  the  circles, 
about  eight  inches  in  diameter,  where  the  stools  had  been 
placed,  and  in  those  boxes  where  development  had  been  par- 
ticularly heavy  the  centers  appeared  as  if  covered  with 
hoar  frost.  A  fev;  larvae  were  found  in  the  outer  zones. 
The  larvae  were  noted  in  these  positions  throughout  the 
experiment  in  some  of  the  boxes  and  in  others  as  long  as 
the  numbers  were  sufficiently  large  for  such  observations. 

One  month  after  the  larvae  had  reached  maturity 
the  soils  of  six  of  the  boxes  were  exejnined.   The  central 
areas,  about  eight  inches  in  diameter  and  one-half  inch  deep, 
were  placed  in  separate  units  of  the  isolation  apparatus  from 
the  soil  of  the  remaining  surface  layers.   In  each  case  where 
larvae  were  present,  the  examinations  showed  that  they  were 
concentrated  within  the  central  zones.   In  one  instance  11,460 
mature  hookiTorm  larvae  were  isolated  from  this  zone  and  only 
2,020  from  the  remaining  parts  of  the  soil.   From  another  box, 
97,140  larvae  were  isolated  from  the  middle  area  and  2,660 
from  without.   No  evidence  of  an  active  migration  was  indi- 
cated from  any  of  these  isolations.  One  month  later,  or  two 
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months  aifter  the  larvae  had  reached  maturity,  the  soils 
of  the  remaining  boxes  were  examined  in  a  similar  manner, 
IThile  a  great  reduction  had  occurred  in  the  numbers  of 
larvae  within  this  time,  these  exajninations  showed  that 
their  relative  positions  had  not  altered.  From  the  surface 
layer  of  one  box  520  mature  hoob-vorm  larvae  were  isolated 
from  the  central  portion  and  only  20  from  the  surrounding 
area.   In  another  case,  60  larvae  were  isolated  from  the 
middle  area  and  mono  were  found  outside  of  it.   The  posi- 
tion of  the  comparatively  fcav  larvae  which  were  recovered 
from  outside  the  polluted  center  need  not  be  explained  by 
any  effort  on  the  part  of  the  larvae  to  leave  their  place 
of  development.   It  is  surprising  that  more  larvae  were  not 
recovered  from  the  outer  zones  since  the  boxes  received  no 
protection  from  the  rains,  except  that  offered  by  their  en- 
vironments. Certainly  if  infective  hooloTOrm  Isirvae  actually 
migrated  actively  from  their  place  of  development  they  would 
have  been   found  evenly  distributed  all  over  the  surface  of 
these  boxes. 

These  results  corroborate  my  earlier  experiments 
on  the  migration  of  infective  hookv;onn  larvae  which  were  per- 
formed in  Trinidad,  British  '.Vest  Indies.  They  are  also  sup- 
Dorted  bv  the  results  of  Cort,  Payne,  and  Riley  (l923)*  ob- 


*  To  be  published. 
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tained  from  field  studies  in  Porto  Rico  in  four  widely 
separated  areas.  These  areas  v/ere  entirely  unlike  and 
offered  a  wide  variety  of  conditions;  yet  no  where,  was 
there  observed  anjr  indication  of  an  active  migration  of 
the  larvae  from  localized  centers  of  pollution.  V/here 
soil  samples  were  taken  but  a  few  feet  apart  some  would 
yield  hundreds  or  even  thousands  of  infective  larvae  while 
others  would  yield  only  a  few  or  be  entirely  negative. 

In  order  to  determine  the  vertical  distribu- 
tion of  the  hookworm  larvae  in  these  boxes,  all  the  soil 
was  removed  in  the  following  zones  and  placed  in  units  of 
the  isolation  apparatus,  (l)  upper  half  inch,  (2)  one  inch, 
(3)  one  inch,  (4)  two  inches,  and  (s)  that  amount  which  re- 
mained. The  numbers  of  larvae  isolated  from  each  zone  was 
determined  by  a  dilution  method  which  has  been  previously 
described  (Augustine,  1923  b).  Ths  results  of  these  isola- 
tions are  summarized  in  Table  I. 


As  trill  be  seen  from  this  table,  the  greatest 
number  of  hookvrorra  larvae  remain  in  the  upper  half  inch  of 
the  soil  and  their  numbers  decrease  rapidly  with  the  in- 
creasing depth  of  the  soil.   In  no  instance  were  larvae 
isolated  from  the  4th  zone,  a  depth  between  2^  and  4  inches. 
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In  all  instances  the  soils  were  moist  at  the  time  of 
isolation  except  in  box  number  12  which  appeared  dry  to 
a  depth  of  4  inches;  yet  larvae  were  recovered  only  from 
the  upper  zone.  Green  stalks  and  blades  of  grass  from 
these  boxes  examined  by  means  of  the  isolation  apparatus 
were  negative  for  hookworm  larvae.   These  observations  on 
the  position  of  the  infective  hookworm  Isirvae  show  that 
their  natural  position  is  on  or  close  to  the  surface  of  the 
soil  which  makes  easy  their  transfer  to  the  human  foot. 


Literature  Cited. 

Augustine,  D.  L, 

1922,   Investigations  on  the  control  of  hookworm  disease, 
VIII.  Experiments  on  the  migration  of  hooki-rorm 
larvae  in  soils.  Amer,  Jour.  Hyg. ,  II,  162-171, 

1923  a.  Investigations  on  the  control  of  hookworm  disease. 
Experiments  on  the  factors  determining  the  length 
of  life  of  infective  hookworm  larvae  in  the  soil. 
Amer.  Jour,  Hyg.  III. 

1923  b.  Investigations  on  the  control  of  hookworm  disease. 

X7I.  Variations  in  length  of  life  of  hookworm  larvae 
from  the  stools  of  different  individuals.   Ibid, 
127-137, 
Cort,  W.  W.  and  Payne,  G,  C, 

1922  a.  Investigations  on  the  control  of  hookworm  disease. 


.92- 


VI.  A  study  on  the  effect  of  hookworm  control 
measures  on  soil  pollution  and  infestation  in 

a  sugar  estate.   Amer.  Jour.  Hyg.,  II,  107-148. 
1922  b.  Investigations  on  the  control  of  hookworm  disease, 

VII.  An  epidemiologic  study  of  hookworm  disease 
in  a  cacao  estate.   Ibid,  149-161. 


-93- 


VII.  EXPERIMENTS  ON  THE  FACTORS  DETERMINING  THE  LENGTH  OF 
LIFE  OF  INFECTIVE  HOOKIVORM  LARVAE. 


Introduction 


For  a  successful  hookworm  campaign  it  is  of 
primary  importance  to  knoiv  whether  or  not  abandoned  pollu- 
tion centers  may  remain,  for  a  long  period  of  time,  as 
centers  for  re  infest  at  ion.   In  a  series  of  laboratorj'  ex- 
periments performed  during  the  STimmer  of  1921  in  Trinidad, 
British  West  Indies,  on  the  length  of  life  of  infective 
hootovorm  larvae  in  constantly  moist  soils,  it  was  found 
that  their  life  was  limited  to  between  six  and  seven  weeks 
(Augustine,  1922).   Similar  findings  were  obtained  by  Cort 
and  Payne  during  their  field  studies  in  Trinidad  of  the 
same  summer  (Cort  and  Payne,  1922).   Further  experiments 
were  made  the  following  summer  (l922)  at  the  Anemia  Clinic, 
Utuado,  Porto  Rico,  to  determine  some  of  the  factors  influ- 
encing the  length  of  life  of  infective  hookworm  larvae. 
Both  laboratory  and  field  experiments  were  made,  analyzing 
and  duplicating,  as  far  as  possible,  the  factors  or  agencies 
existing  in  pollution  centers,  which  were  found  around  the 
houses  and  in  the  fields  of  this  district.   The  importance 
of  experiments  to  determine  the  length  of  life  of  hookworm 
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larvae  under  different  temperature  was  early  recognized. 
Such  experiments  were  not  feasible  at  the  field  laboratory 
and  were  carried  out  in  Baltimore  during  the  fall  and 
winter  of  the  same  year. 

Methods  of  Study 

In  all  laboratory  experiments  in  Porto  Rico, 
the  infective  hookv/orm  larvae  were  obtained  from  fresh 
stools  mixed  in  previously  heated  soil  and  incubated  six 
to  seven  days  at  outdoor  temperature.   For  the  experiments 
in  Baltimore,  the  same  method  was  employed  in  preparing  the 
cultures,  except  that  they  were  incubated  for  six  days  at 
27°  C.   As  Ancylostoma  duodenale  is  almost  unknown  in  Porto 
Rico,  the  larvae  used  were  undoubtedly  those  of  Necator 
americanus.  The  larvae  used  in  the  Baltimore  series  of 
experiments  were  also  of  Necator  americanus. 

Description  of  Culture  House 

Difficulties,  due  to  improper  housing,  in  early 
culture  work  made  it  necessary  to  erect  a  special  room  for 
this  purpose  (see  Fig.  I).  As  this  building  proved  to  be 
entirely  satisfactory  for  such  Durposes,  a  short  description 
of  it  may  be  of  benefit  to  others  having  difficulties  in  ob- 
taining pure  cultures  of  hookv/orm  larvae  under  tropical  con- 
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Fio-.    1.      Culture  house   shov/ing  general   construction. 
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ditions.   Piles  driven  into  the  ground  supported  the  floor 
one  foot  above  the  ground.   The  inside  measurements  were 
6'  X  6'  X  6'  and  the  only  opening  was  a  door  at  the  front. 
The  lower  half  of  the  v/alls  were  made  solid  with  boards 
having  overlapping  edges  and  the  upper  half  of  the  walls 
and  ceiling  were  made  of  a  closely  woven  muslin  cloth  tacked 
on  the  supporting  studdings.   The  roof  was  of  corrugated, 
galvanized  tin  sheeting.  Two  rows  of  shelves,  one  foot  wide 
and  one  foot  apart,  accommodated  the  cultures.  By  raising 
the  floor  from  the  ground,  the  building  was  kept  dry  during 
the  rainy  season.   It  was  rendered  firm  and  substantial  by 
making  the  lower  half  of  the  walls  solid.  The  muslin  is  of 
distinct  value  over  a  solid  board  or  screen  wall  in  that  it 
not  only  permits  a  free  circulation  of  air,  which  eliminates 
any  excess  of  odors  arising  from  the  cultures,  but  also  ex- 
cludes the  smaller  flies  and  insects  which  are  not  kept  out 
by  ordinary  screening.   Ants  may  be  kept  out  by  frequently 
washing  the  floor  with  creosote. 

Technique  of  experiments 

The  methods  of  preparing  the  soils  and  counting 
the  larvae  in  the  experiments  on  the  length  of  life  of  hook- 
worm larvae  to  be  described  in  this  paper  were  the  same  as 
had  been  previously  employed  (Augustine,  1922,  23)  and  need 
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no  further  comment  here.   Two  types  of  containers  were 
used  in  the  laboratory  experiments,  viz:  (l)  three  ounce 
glass  jars,  the  same  as  used  in  former  experiments,  and 
(2j  tin  pudding  pans,  six  inches  in  diameter  and  two  inches 
deep.   For  the  field  experiment,  wooden  boxes  eif^hteen  in- 
ches square  and  twelve  inches  deep  were  employed. 

Length  of  Life  of  Infective  Hookworm  Larvae  in  Moist  Soils 

Table  I  gives  the  data  from  a  series  of  experiments 
on  the  length  of  life  of  infective  hookworm  larvae  in  three 
distinctly  different  environments.   The  small  glass  jars  were 
used  in  this  experiment  and  the  soil  was  kept  moist.   In  the 
first  experiment  the  containers  were  placed  in  a  cleared  spot 
in  the  center  of  a  grass  field  and  entirely  exposed  to  direct 
sunlight  throughout  the  day.   The  second,  in  light  shade,  was 
located  on  the  cast  gallery  of  the  laboratory.   Here  the  units 
were  protected  from  direct  sunlight  during  the  morning  hours 
by  the  shade  of  nearby  cocoanut  palms,  and  from  rains  and  the 
hot  sun  of  the  later  hours  of  the  d&y   by  the  gallery  roof.   The 
third  environment  was  in  a  wooded  area  at  the  edge  of  a  banana 
grove.   The  vegetation  here  was  particularly  heavy  and  the 
leaves  of  the  trees  formed  a  veritable  roof  over  head.   This 
vegetation,  with  an  abundant  undergrowth  of  vines  and  low  growing 
shrubs,  afforded  deep  shade  at  all  time. 
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Table  I,  Experiments  showing  reduction  in  nvmbers  of  in- 
fective hookv;orm  larvae  in  constantly  moist  soils  in  dif- 
ferent environments.   All  the  experiments  were  started  on 
June  24. 


DENSE  SHADE 

Exp. 

No .  larvae 

Day  ex- 

Larvae : 

recovered 

Total  %   re- 

No. 

placed 
soil. 

in 

amined  . 

Sheathed 

Unsheathed . 

duction, 

1 

333 

June  29 

63 

114 

177 

46.8 

2 

470 

July  4 

20 

163 

183 

60,1 

3 

335 

July  9 

12 

49 

61 

81.7 

4 

450 

July  14 

21 

126 

147 

67.3 

5 

305 

July  19 

10 

44 

54 

82.2 

6 

343 

July  24 

1 

4 

5 

98.5 

7 

410 

July  31 

4 

24 

28 

93.1 

8 

368 

Aug.   7 

8 

8 

16 

95.6 

9 

467 

Aug.  21 

3 

1 

4 

99.1 

IC 

435 

Aug.  29 

0 

0 

0 

100. 

MODERATE  SHADE 


Exp. 

No.  larvae 

Day  ex- 

Larvae 

recovered 

Total 

%  re- 

No, 

placed  in 
soil. 

amined. 

Sheathed 

Unsheathed 

duction, 

1 

445 

June  29 

25 

121 

146 

67.1 

2 

467 

July  4 

6 

45 

51 

89,0 

3 

445 

July  9 

6 

28 

34 

92.3 

4 

430 

July  14 

10 

17 

27 

93.7 

5 

409 

July  19 

1 

4 

5 

98.7 

6 

526 

July  24 

6 

8 

14 

97.3 

7 

425 

July  31 

2 

8 

10 

97,6 

8 

464 

Aug.   7 

0 

1 

1 

99.8 

9 

435 

Aug.  14 

0 

0 

0 

100. 

10 

446 

Aug.  15 

0 

0 

0 

100. 

DIRECT  SUNLIGHT 


Exp.  No.  larvae 
No,  placed  in 
soil. 


Day  ex-    Larvae  recovered   Total  %  re- 
amined.   Sheathed  Unsheathed       duction. 


645 
358 
557 


June  29 
July  4 
July  5 


1    99.8 
0   100, 
0   100. 
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The  units  of  this  experiment  which  were  exposed  to 
direct  sunlight  were  returned  to  the  gallery  at  night,  and 
also  in  the  day  time  during  showers.   The  amount  of  evapora- 
tion in  this  environment  was  considerable  and  the  soils  re- 
quired additional  water  many  times  each  day.   It  was  impos- 
sible to  keep  the  soils  in  this  environment  constantly  moist 
and  at  times  the  surface  became  slightly  dry.  The  units 
placed  on  the  gallery  of  the  laboratory  required  no  further 
protection  than  that  supplied  by  the  environment.   The  soils 
required  a  small  amount  of  water  each  day.   Banana  leaves 
were  placed  over  the  units  in  the  dense  shade  environment. 
These  protected  the  soils  from  becoming  covered  with  water 
during  frequent  showers  and  greatly  reduced  the  amount  of 
water  evaporation. 

The  larvae  used  in  the  experiments  were  obtained 
from  stools  of  a  single  individual  and  were  isolated  after 
six  days  of  incubation.  The  soil  was  a  sandy  loam  containing 
some  humus  and  a  little  clay.  Temperatures  were  read  daily 
in  each  environment  from  maxirmim  and  minimum  thermometers. 
These  readings  are  summarized  in  Table  II. 

The  results  of  these  experiments  (see  Table  l) 
clearly  show  that  the  length  of  life  of  infective  hookv/orm 
larvae  is  largely  determined  bv  the  character  of  the  environ- 
ment. Under  dense  shade  a  few  larvae  existed  7  to  9  weeks. 
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Tabla  II.  Sumnary  of  temperature  readings  for  environments 
of  Table  1.  Readings  are  made  from  Fahrenheit 
thermonetors . 


H,'nvironment 

Lo-.Test 

llip.33t 

;,:^nii::uvi 

Average 
'.a:x:inur:. 

Direct   sun 

60 

120 

61. 

1_5 

Moderate   shade 

60 

103 

64 

39 

Deep  shade 

SO 

91 

64 

89 
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Under  moderate  shade  an  almost  complete  dying  out  was  found 
after  5g  weeks.   A  similar  reduction  occurred  under  direct 
sunlight  within  the  first  week.  These  data  also  show  that 
in  the  environments  most  favorable  to  the  existence  of  larvae 
the  death  rate  is  less  rapid  than  in  unfavorable  environments. 
In  dense  shade,  which  is  believed  to  be  optimum,  the  rate  of 
mortality  is  considerably  lower  than  under  light  shade.  A 
rapid  dying  out  of  the  larvae  occurred  under  direct  sunlight; 
out  of  an  original  number  of  645  larvae  only  one  survived  a 
week.  While  the  environments  were  not  entirely  "natural," 
in  that  the  soils  were  moist,  it  is  evident  that  there  was 
some  factor,  or  a  multiple  of  factors  present  in  the  direct 
sunlight  and  moderate  shade  environments  which  was  lacking 
under  deep  shade.   As  moisture  conditions  were  apparently 
ootimum,  except  for  the  slight  dying  of  the  surface  soil  in 
the  units  exposed  to  direct  sunlight,  the  higher  rate  of 
mortality  in  direct  STinlight  and  moderate  shade  environments 
may  be  attributed  chiefly  to  the  higher  and  wider  range  of 
temperature  existing  within  these  environments.   It  is  in- 
teresting to  note  in  this  connection  that  the  dense  shade 
situation  of  this  experiment  offered  an  environment  almost 
exactly  like  that  found  in  the  coffee  environment. 


-102- 


Length  of  Life  of  Infective  Hookworm  Larvae  in  Water  Covered 
Soils. 

Experiments,  to  determine  how  long  infective  hook- 
worm larvae  may  live  in  water-covered  soils,  were  made  under 
the  same  environments  as  the  previous  experiments.  The  units 
of  these  experiments  were  prepared  in  the  same  manner  as  those 
of  the  preceding  experiments  except  that  from  -f  to  1  inch  of 
water  was  constantly  kept  over  the  soil.   The  results  of  these 
experiments  are  summarized  in  Table  III.  These  data,  compared 
with  the  data  of  Table  I,  show  a  much  greater  mortality  of 
larvae  occurring  in  water-covered  soil,  in  environments  which 
were  previously  found  to  be  favorable  for  their  existence. 
Under  dense  shade,  where  infective  hookworm  larvae  were  found 
to  exist  for  7  to  9  weeks  in  moist  soil,  there  was  found  to 
be  a  reduction  of  over  99^^  in  ten  days,  and  a  complete  dying 
out  in  less  than  4  weeks  in  the  soils  covered  with  water. 
Approximately  the  same  reduction  was  found  among  the  larvae 
under  the  same  conditions  in  light  shade.   All  the  larvae  in 
direct  sunlight  died  within  the  first  week.  No  definite  cor- 
relation can  be  made  between  the  rapid  dying  out  of  the  larvae 
and  the  varying  character  of  the  environments  except,  possibly, 
in  the  series  exposed  to  direct  sunlight,  in  which  the  more 
rapid  death  was,  apparently  due  to  high  temperature.   The 
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Table  III.  Experiments  showing  reduction  of  in- 
fective hookworm  larvae  in  water-covered  soil  in 
different  environaients.  Experiment  started  July 
18.  Approximately  318  larvae  in  each  unit. 


DENSE 

SHADE 

:p.No. 

Day  examined 

Larvae 
Sheathed 

recovered 
Unsheathed 

Total 

%  reduction, 

1 
2 

3 

4 

July  28 
Aug.   7 
Aug.  22 
Aug.  23 

2 
1 

0 
0 

LIGHT 

0 
0 
0 
0 

SHADE 

2 

1 

0 
0 

99.3 
99.6 

100. 

100. 

:p.No. 

Day  examined 

Larvae 
Sheathed 

recovered 
Unsheathed 

Total 

%   reduction 

1 
2 
3 
4 
5 

July  28 
Aug.  7 
Aug.  22 
Aug.  29 
Aug.  30 

7 
2 
0 
0 
0 

42 
4 
1 
0 
0 

49 
6 
1 
0 
0 

84.4 
98.1 
99.6 

100. 

100. 

DIRECT  SUNLIGHT 


Exp. No. 


Day  examined    Larvae  recovered    Total 
Sheathed  Unsheathed 


reduction. 


July  28 
July  29 


100. 

100. 


temperature  of  the  water  covering  the  soils  of  the  units 
exposed  to  direct  sunlight  was  from  2  to  10  higher  than 
that  of  the  surrounding  air.   This  variation  depended  upon 
the  intensity  of  the  sunlight.   This  factor,  however,  can- 
not explain  the  high  mortality  occurring  under  the  moderate 
and  dense  shade  environments  as  no  appreciable  difference 
was  noted  between  the  temperature  of  the  water  and  that  of 
the  surrounding  air.   It  was  noted,  however,  that  where  the 
mortality  of  the  larvae  was  great  the  soil  and  water  were 
teeming  with  protozoa,  especially  Infusoria.   Larvae  re- 
covered, both  from  the  superficial  water  and  soil,  were 
found  to  be  partially  or  wholly  disintegrated,  with  Colpidium 
feeding  upon  them. 

Similar  results  were  obtained  from  an  experiment 
in  which  infective  hookv;orm  larvae  were  kept  in  tap  water 
in  open  glass  vials  placed  under  the  same  three  environments. 
Those  larvae  exposed  to  direct  sunlight  died  within  a  week. 
The  temperature  of  the  water  within  these  vials  was  always 
considerably  higher  than  that  of  the  surrounding  air.  All 
the  larvae  in  moderate  shade  were  dead  and  disintegrated 
within  fifteen  days.   Some  of  the  units,  under  deep  shade, 
showed  a  reduction  of  96  percent  within  20  days  while  others 
gave  a  reduction  of  only  45  percent  after  one  and  a  half 
months.  No  living  larvae  were  found  in  any   of  the  units 
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after  two  months.   Here,  as  in  the  water  covered  soils, 
where  larvae  were  found  to  have  died  quickly.  Infusoria 
were  present  in  great  quantities.   In  several  instances 
small  flies  had  fallen  into  the  vials  and  become  covered 
with  Saprolegnia.   In  other  instances,  larvae  were  com- 
pletely surrounded  by  masses  of  fungi  and  in  some  cases 
the  hyphae  appeared  to  penetrate  the  sheaths  of  the  larvae. 
The  exact  relation  of  the  presence  of  protozoa,  bacteria 
and  fungi  to  the  early  death  of  infective  hookworm  larvae 
in  water  is  not  known.   It  is  possible  that  the  fungus  sur- 
rounding the  body  of  a  larva  so  reduces  the  amount  of  oxygen 
for  the  larva  that  it  perishes,  or  death  may  be  due  to  some 
enzyme  of  the  fungus  which  destroys  the  larvae. 

It  is  of  interest  to  note  that  similar  observa- 
tions have  been  recorded  by  Schxiffner  Cl905,  p.  685).   Having 
observed  that  larvae  of  Anoylostoma  in  cultures  were  attacked 
by  Infusoria  which  destroyed  them  within  a  few  days,  he  came 
to  the  opinion  that  "as  in  the  laboratory,  so  in  nature, 
numerous  enemies  beset  the  young  Ankylostomes  and  kill  a 
large  percentage."   I  have  never  seen  Infusoria  feed  directly 
upon  the  bodies  of  living  larvae.   They  feed  upon  the  masses 
adhering  to  the  larvae.   It  is  only  when  the  larvae  are  dead 
and  partly  disintegrated  that  they  are  food  for  these  organ- 
isms. 
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Length  of  Life  of  Infective  Hookworm  Larvae  in  Alternating 
Moist  and  Drying  Soils 

Table  I  of  paper  number  sixtsen  of  this  series, 
(Augustine,  1923 J  gives  the  data  from  an  experiment  on  the 
length  of  life  of  infective  hookworm  larvae  in  alternating 
moist  and  drying  soils.   The  technique  and  methods  used  in 
this  experiment  are  discussed  in  the  above  mentioned  paper 
and  need  not  be  repeated  here.  The  results  of  this  experi- 
ment showed  a  marked  variation  in  the  limits  in  the  length 
of  life  of  larvae  developed  from  stools  of  different  indi- 
viduals.  In  three  cases  the  larvae  died  within  three  weeks, 
in  six  cases  within  four  weeks,  in  five  cases  within  five 
weeks,  in  two  cases  within  six  weeks,  in  four  cases  within 
seven  weeks  and  in  two  cases  within  eight  weeks.   In  all  in- 
stances 94  percent  or  more  of  the  original  nxMiber  of  larvae 
were  found  to  have  perished  four  weeks  after  the  experiment 
was  started. 

The  higher  death  rate  of  infective  hookworm  larvae 
in  alternating  moist  and  drying  soils  than  in  constantly  moist 
soils  (see  Table  I)  can  probably  be  explained  by  the  differences 
in  the  activities  of  the  larvae  in  these  environments.   In  moist 
soils,  larvae  remain  protruding  singly  or  in  clusters,  from  the 
soil  particles,  and  unless  stimulated  are  quite  inactive  save 
for  the  lateral  flexure  of  their  bodies.   Repeated  observations 
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made  with  a  binocular  microscope  of  the  larvae  on  drying 
soils  have  shown  that  they  leave  their  prominent  positions 
and  disappear  within  the  upper  layer  of  the  soil.   I'hese 
observations  v/ara  made  upon  larvae  protruding  from  moist 
soils  in  Syracuse  watch  glasses  and  were  continued  until 
the  soils  became  noticeably  dry.   It  was  found  in  moist 
soils  that  the  surface  film  of  water  completely  covers  the 
larvae,  as  it  does  the  individual  soil  particles.  As  the 
water  evaporates,  this  film  becomes  thinner  and  thinner  and 
the  pressure  caused  by  it  upon  the  larvae  stimulates  them 
and  they  move  doi.Yn  between  the  soil  particles.   It  was  ob- 
served, however,  that  a  large  ntimber  of  larvae  fail  to  re- 
act to  this  stimulus  until  the  film  of  water  has  become  so 
reduced  in  thickness  that  migration  apparently  becomes  im- 
possible and  they  are  then  held  fast  to  the  particles  of 
soil  where  they  become  victims  of  desiccation.   Larvae,  which 
were  removed  from  the  soil  in  this  condition,  ten  minutes  after 
all  movement  had  ceased,  and  placed  in  water,  failed  to  regain 
activity.  V/hen  the  soil  was  again  moistened  the  survivors  of 
the  desiccation  again  occupied  their  former  positions.   The 
higher  death  rate  and  shorter  length  of  life  of  infective 
hookworm  larvae  in  alternating  moist  and  drying  soil  may 
therefore  be  attributed  both  to  the  death  of  some  of  the  lar- 
vae by  drying  and  to  the  more  rapid  consumption  of  the  stored 
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food  due  to  the  increased  activity  necessary  for  those 
that  are  able  to  follow  the  moisture  as  it  recedes,  and 
rises. 

Length  of  Life  of  Infective  Hookv/orm  Larvas  in  Drying  Soils 

The  question  as  to  whether  mature  hookvrorm  larvae 
can  v/ithstand  desiccation  is  of  greatest  practical  importance 
and  has  been  a  subject  of  much  discussion.  The  literature 
on  this  point  was  thoroughly  reviewed  by  Looss  (l911^. 
Through  his  own  experiment,  Looss  proved  that  once  the  lar- 
vae were  actually  dry  they  were  dead  and  could  not  be  revived 
by  the  addition  of  water.  These  experiments  were  made  in 
Egypt  and  consisted  of  allowing  mature  larvae  in  water  to  dry 
on  a  slide  at  an  open  window.  Me   have,  however,  no  experi- 
mental information  on  the  length  of  life  of  infective  hookworm 
larvae  in  soils  which  dry  under  natural  conditions.   The 
opinion  has  become  current,  that  in  all  probability,  some  of 
the  mature  larvae  at  the  close  of  the  wet  season  of  tropical 
countries  may  remain  inactive  in  the  soil  throughout  the  dry 
months  and  be  restored  to  their  former  activities  with  the 
coming  of  the  rains  of  the  following  season.   To  determine 
how  long  mature  hoofoform  larvae  may  live  in  drying  soils  under 
a  variety  of  conditions  and  to  estimate  the  minimum  amount  of 
water  necessary  in  the  soil  to  keep  larvae  alive,  the  follow- 
ing experiment  was  performed. 
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Moist  soil  was  carefully  weighed  out  in  54  gram 
lots  and  placed  in  sixty,  three-ounce  glass  jars.  To  thirty 
of  the  jars  infective  hookworm  larvae  were  added.   The  re- 
maining thirty  were  used  as  controls  to  estLiiate  the  amount 
of  water  present  in  the  soil  at  the  time  of  the  various  ex- 
aminations.  The  original  simount  of  water  in  the  soil  was 
estimated  to  establish  a  standard  with  which  to  compare  the 
amount  of  moisture  present  in  the  soils  at  the  time  of  isola- 
tions.  This  was  done  by  heating  54  grams  of  the  moist  soil 
for  three-fourths  of  an  hour  at  60°  C.  The  soil  was  rendered 
dust  dry  and  weighed  43,2  grams.   The  difference  in  the  weight 
of  one  of  the  controls  and  the  weight  of  this  dried  soil  was 
used  as  an  estimate  of  the  amount  of  water  present  in  the  units 
to  be  examined  in  which  hookworm  larvae  had  been  added.   Ten 
units  with  larvae  and  ten  controls  were  placed  in  each  of  the 
environments  which  have  been  previously  described.  The  units 
placed  in  direct  sunlight  were  returned  to  the  laboratory  at 
night  and  during  showers  of  the  day.  Those  under  moderate 
shade  needed  no  further  protection  than  that  given  by  the 
nearby  palm  trees  and  the  gallery  roof.   Large  banana  leaves 
were  so  arranged  over  the  units  placed  under  dense  shade  that 
they  had  complete  protection  from  rains.  These  leaves  also 
aided  in  reducing  the  amount  of  water  evaporation. 
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Table  IV  gives  the  data  obtained  from  these  ex- 
periments on  the  length  of  life  of  infective  hookworm  larvae 
in  drying  soil.  As  will  be  seen  from  a  study  of  this  table, 
the  rate  of  reduction  of  larvae  increased  with  the  decrease 
in  the  amount  of  moisture  in  the  soil.   Here  again,  it  is 
shown  that  dense  shade  is  most  favorable  for  the  existence 
of  infective  hookworm  larvae.  In  this  environment  a  few 
persisted  in  the  drying  soil  for  a  little  more  than  one 
month,  while  under  moderate  shade  no  larvae  were  recovered 
after  ten  days.   In  direct  sunlight,  an  almost  complete  dry- 
ing out  of  the  larvae  occurred  within  five  days.   No  larvae 
were  recovered  from  this  environment  after  that  time.  As  no 
larvae  were  isolated  from  soils  which  were  naturally  reduced 
to  less  than  3  percent  of  water  as  compared  with  the  control 
in  which  the  water  was  driven  off  by  heating  the  soil,  it  may 
be  assiuned  that  this  amount  is  the  minimiim  of  moisture  which 
must  remain  in  the  soil  to  keep  mature  larvae  alive.   The 
rapid  dying  off  of  larvae  under  direct  sunlight  cannot  be 
attributed  wholly  to  the  raoid  evaporation  of  the  water.   It 
is  probably  due,  in  part,  to  the  hi^er  temperature  of  this 
environment,  as  shown  in  Table  I.   That  the  death  of  the  lar- 
vae in  most  cases  was  due  to  desiccation  rather  than  to  the 
exhaustion  of  the  stored  food  within  the  intestinal  cells  is 
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Table  IV.   Experiments  showing  reduction  of  infective  hook- 
worm larvae  in  drying  soils  under  different  environments. 
All  experiments  started  June  29.  Each  unit  contained  54 
grams  moist  soil. 

DENSE  SHADE 

Ho.  Original  Day  ex-  Weight  of  Percent  Number    Percent 

number   amined.    soil  in   of  water  larvae    reduction 
larvae  control   in  soil  recovered 


1 

366 

July  4 

50.9  g. 

15.1 

294  * 

19.7 

2 

357 

"  9 

48.0  g. 

10.0 

187 

47.6 

3 

390 

"  14 

45.8  g. 

5.6 

227 

41.7 

4 

400 

"  19 

45.1  g. 

4.1 

62 

84.5 

5 

372 

"  24 

45.1  g. 

4.1 

51 

86.2 

6 

414 

"  31 

45.1  g. 

4.1 

15 

96.3 

7 

401 

Aug.  7 

45.1  g. 

4.1 

0 

100. 

8 

488 

"  8 

45.1  g. 

4.1 

0 

100. 

MODERATE  SHADE 


No.  Original  Day  ex- 
mxcaber   amined 
larvae 


Weight  of  Percent  Number    Percent 
soil  in   of  water  larvae    reduction 
control   in  soil  recovered 


1 

2 
3 
4 

354 
342 
337 
394 

July  4 
July  9 
July  14 
July  16 

46.9 
44.8 
44.6 
44.4 

DIRECT 

7.8 
3.5 
3.1 
2.6 

SUNLIGHT 

202 

118 

0 

0 

42.9 
65.4 

100. 

100. 

No. 

Original 
number 
larvae 

Day  ex- 
amined 

Weight  of 
soil  in 
control 

Percent 
of  water 
in  soil 

Number 
larvae 
recovered 

Percent 
reducti 

1 
2 
3 

486 
322 
398 

July  4 
July  9 
July  10 

45.5 
43.7 
43.3 

5,0 
1.1 
0.9 

1 
0 
0 

99.8 
100. 
100. 

The  relation  of  the  sheathed  and  unsheathed  larvae  in  this 
experiment  has  been  discussed  in  the  text  and  in  a  previous 
paper  (Augustine  1923  a). 
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evident,  in  that  those  last  recovered  were  sheathed,  well 
nourished  forms,  and  had  the  appearance  of  newly  developed 
larvae. 

Influence  of  Temperature  on  the  Life  Span  of  Infective  Hook- 
worm Larvae. 

The  importance  of  more  definite  knowledge  on  the 
influence  of  temperature  on  the  length  of  life  of  infective 
hookworm  larvae  in  the  soil  was  emphasized  in  my  experiments 
performed  in  Porto  Rico.   These  experiments  showed  both  a 
lower  death  rate  and  a  longer  life  for  mature  hookworm  larvae 
than  the  Trinidad  series  of  the  previous  summer  vAufrustine 
1922^.  The  only  apparent  difference  was  in  the  temperatures 
of  the  two  countries.   In  Trinidad  the  daily  temperature  ex- 
tremes were  about  74°  and  94^  F. ,  while  in  Porto  Rico  they 
were  of  60°  and  93°  F.  for  the  period  in  which  the  experiments 
were  carried  on.  The  maximum  temperature,  93'  F. ,  was  recorded 
only  three  times  in  Porto  Rico  during  this  time,  and  it  usually 
varied  between  90°  and  92"  (See  Table  VIII). 

To  determine  the  influence  of  temperature  on  the 
length  of  life  of  mature  larvae  in  soil  a  series  of  experi- 
ments were  made  in  which  larvae  in  three  ounce  glass  .jars  with 
moist  soil,  were  exposed  to  the  following  temperatures,  viz: 
0°  ,  16°  ,  27'  ,  room  temperature  varying  from  20  to  31  , 
35°  and  40*  C.  The  results  of  these  experiments  with  the  ex- 
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ception  of  the  units  exposed  to  0   ,35  and  40   ,  are 
summarized  in  Table  V.   All  the  larvae  exposed  to  0  and 
40*  died  within  a  week.   Those  exposed  to  35"  died  within 
three  weeks.   The  larvae  used  in  these  experiments  were 
obtained  from  cultures  incubated  for  six  days  at  27"  . 
This  table  shows  that  a  large  ntimber  of  larvae  perished 
at  each  of  the  given  temperatures  within  the  first  week 
of  the  experiment.  A  few  of  the  larvae  exposed  to  16* 
persisted  for  fourteen  weeks,  while  all  the  larvae  at  27* 
died  within  eleven  weeks.   Over  99  percent  of  those  kept 
at  27"  perished  at  the  end  of  nine  weeks.   A  shorter  length 
of  life  was  found  for  the  larvae  kept  at  room  temperature. 
This  may  be  due  to  the  changes  in  temperatiire  during  the 
night  and  day  and,  in  part,  to  the  occasional  drying  of  the 
surface  of  the  soils  which  was  difficult  to  keep  constantly 
moist.   No  difficulty  was  encountered  in  keeping  the  units 
in  the  constant  temperature  chambers  moist  as  evaporation 
was  reduced  there  to  a  minimum, 

A  second  series  of  experiments  was  performed  in 
which  a  single  stool  was  divided  into  six  30  gram  lots,  which 
•were  cultured  in  soil.   Three  of  the  units  were  subiected  to 
27  "  ,  and  the  remaining  three  to  15*  C.   The  soil  of  on© 
unit  of  the  series  incubated  at  27  degrees  was  placed  in  the 
isolation  apparatus  one  week  later.   From  this  isolation  2672 
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mature  hookrjiform  larvae  were  isolated.   Two  weeks  were 
allowed  before  isolating  the  larvae  from  one  of  the 
units  reared  at  16°  .  (Looss,  1911,  p.  387,  has  found 
that  larvae  need  13  days  to  attain  maturity  at  tempera- 
tures between  15 '^  and  17"  ).   This  isolation  yielded 
2510  mature  larvae.   The  number  of  larvae  obtained  from 
these  isolations  were  used  as  an  estimate  of  the  numbers 
in  the  remaining  units;  and  the  percentages  of  reductions 
computed  from  them.   The  results  obtained  from  this  ex- 
periment are  given  in  Table  VI.   Judging  from  these  data, 
(See  Tables  I  and  VIII)  the  longer  life  of  the  infective 
hookworm  larvae,  as  found  in  Porto  Rico,  may  be  attributed 
to  the  cooler  temperatures  of  the  district  in  v;hich  the 
experiments  were  performed. 

As  will  be  seen  from  this  table  (Table  VI)  the 
reduction  of  the  numbers  of  larvae  reared  and  maintained 
at  16°  is  considerably  less  than  those  reared  at  higher 
and  later  subjected  to  lower  temperatures  (Table  V).  This 
may  in  part  be  due  to  their  increased  activity  in  passing 
through  the  isolation  apparatus  and  in  part  to  the  change 
in  temperature.   The  larvae  kept  at  16°  C.  had  a  noticeably 
greater  supply  of  stored  food  material  in  their  intestinal 
cells  than  those  which  had  been  kept  at  27°  C.   Oliver  (l910) 
observed  that  larvae  developing  at  lower  temperature  were 


5h    S 
<D     E. 


-116- 

c 

c 

1    4- 

w 

CO 

o  I 

^   " 

CO 

oi 

_^  "C 

rH 

CT) 

-i^ 

® 

d 

^"S 

ai  -p 

rH     C 

3 

CJ 

•    o 

o 

O     (0 

s  -a 

c 

-d   o 

C  -H 

c\J  +> 

d 

^0 

to 

:1 

CM 

7 

^ 

4< 

i 

1 

1 

Q    <D 

^ 

<l 

c 

o 

+5 

o 

3 

M 

CM 

-5 

© 

to 

C-^ 

u 

M 

CO 

■■c'. 

o 

ri  -c! 

5>    ® 

o 

CO 

§ 

r-;    r-1 

o 

to 

•   o 

C\J 

o    m 

fe   -H 

C 

40    O 

W  .H 

-H  +:> 

ro 

to 

cS 

W 

CM 

CM  n 

1 

O    -rl 

^0 

r-< 

r^ 

>>  i 

1 

1 

OS    X 

to 

to 

o  o 

(D 

oJ 

tf. 

o 

OJ 

as    C 

r-i 

c- 

-H    3 

la 

CO 

M 

CM 

•  u 

O     (D 

fe  a 

© 

S-. 

3 

-p 

^ 

u 

© 

O 

o 

CO 

^ 

p 

C\i 

^ 

o 

■^ 

00 

-117- 


much  stronger  and  more  vigorous  than  larvae  hatched  from 
eggs  incubated  at  higher  temperatures,   I  have  found  no 
apparent  differences  in  the  character  of  larvae  which  have 
developed  at  different  temperatures,  yet  my  experiments  on 
the  length  of  life  of  infective  larvae  tend  to  support  his 
view. 

Field  Experiments  on  the  Length  of  Life  of  HoolcTOrm  Larvae 
under  Different  Environmental  Conditions 

The  following  experiment  was  performed  to  determine 
the  length  of  life  of  hookworm  larvae  under  natural  condi- 
tions of  development  in  different  environments.  Three  dis- 
tinct areas  were  selected.  The  first  was  located  along  an 
open  strip  at  the  edge  of  a  forage  grass  field  and  was  ex- 
posed to  the  sun  throughout  the  day  (see  fig.  2).      The 
second  area  was  within  a  cluster  of  coooanut  palm  and  orange 
trees.   Direct  sunlight  shown  here  for  a  short  time  only  in 
the  late  afternoon  (see  fig.  3).   The  third  area  was  located 
in  a  thicket  which  afforded  deep  shade  (see  fig.  4j.   A  de- 
scription of  this  environment  has  been  o:iven  in  an  earlier 
paragraph  of  this  paper. 

Fresh  stools,  or  stools  less  than  twelve  hours  old, 
obtained  from  a  single  individual  were  used  exclusively  in 
this  experiment.   The  character  of  the  specimens  varied  but 
slightly.   They  were,  for  the  most  part,  quite  mushy.  They 
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Fig.  2.  Field  experiments  in  direct  sunlight. 
Control  cultures  are  to  the  right  of 
each  box. 
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Fig.  3,  Field  expariments  in  light  shade. 
Control  cultures  are  at  the  right 
of  the  boxes. 
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Fig.   4,      Field  experiinents   in  deep  shade.      Control 
cultures  to  the   left   of  the  boxes. 
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contained  a  considerable  amount  of  undigested  vegetable 
matter  such  as  beans  and  fruit  shreds  and  were  slightly 
acid.   Each  stool  was  weighed  when  received  at  the 
laboratory.   Four  fifths  of  a  specimen  was  placed  in 
the  center  of  a  wooden  box,  eighteen  inches  square  and 
twelve  inches  deep,  filled  three-fourths  full  of  moist 
sandy  loam  soil.   The  specimen  was  then  worked  into  the 
soil.  The  remaining  portion  of  the  stool  was  cultured 
separately  in  a  similar  manner,  but  in  perforated  tin 
basins,  and  placed  beside  its  corresponding  box  (.See 
figs.  2,  3  and  4).   The  number  of  larvae  isolated  from 
this  culture,  eight  days  later,  multiplied  by  4  was  used 
as  an  estimate  of  the  number  of  larvae  having  developed 
in  the  box.   In  all  twelve  boxes  were  prepared,  six  with 
no  vegetation  and  six  which  had  been  previously  sodded  with 
forage  grass.   Two  boxes  of  each  were  placed  in  the  three 
environments  together  with  their  corresponding  controls. 
Boxes,  numbered  2,  4,  6,  8,  10,  and  12  and  their  controls 
were  kept  moist  until  the  larvae  were  isolated  from  their 
controls.   Numbers  1,  3,  5,  7,  9,  and  11  and  their  controls 
were  left  entirely  to  the  factors  existing  in  their  respective 
environments.   Frequent  examinations  of  the  boxes  showed  the 
soils  of  those  units  placed  in  deep  shade  were  always  moist. 
The  surfaces  of  the  soils  of  those  in  light  shade  were  oc- 
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casionally  dry  but  never  during  the  time  of  development 
of  the  larvae.   The  units  exposed  to  direct  sunlight 
were  frequently  dry  aften  to  a  depth  of  three  inches. 

The  weather  reports  for  the  Utuado  district, 
from  July  12  to  September  21,  1922,  the  time  the  field 
experiments  were  made,  are  given  in  Table  VII.   I  am  in- 
debted to  the  officers  of  the  local  Weather  Bureau  at 
Utuado,  Porto  Rico  for  these  data. 

The  data  obtained  from  these  experiments  (see 
Table  VIII)  show  that  soils  without  vegetation  are  less 
favorable  for  the  development  and  existence  of  infective 
hoolcworm  larvae  than  soils  with  ve^^etation.   In  soils  with 
no  vegetation  the  rate  of  reduction  was  found  to  be  greater 
and  the  length  of  life  of  the  larvae  shorter  than  in  soils 
with  vegetation.   In  box  5,  for  example,  with  no  vegetation 
(see  Table  VIII)  a  reduction  of  83.6  percent  from  the  original 
number  of  larvae  occurred  one  month  after  the  larvae  had 
reached  maturity,  while  in  box  7,  within  the  same  environ- 
ment, light  shade  and  with  vegetation  a  reduction  of  only 
60.4  percent  occurred  within  a  similar  period  of  time.   A 
similar  comparison  of  the  reduction  of  larvae  in  soils  with 
and  without  vegetation  is  found  with  boxes  9  and  11  under 
dense  shade.   This  same  relation  was  found  to  hold  true  after 
a  period  of  two  months.  Box  6,  with  no  vegetation  was  nega- 
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Table  VII.   '/leather  Reports  for  Utuado,  Porto  Rico, 
Observations  made  by  Martinez  and  Co.  Dtuado,  Porto 
Rico. 


Temperature 


July  12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


90 
89 
86 
93 
92 
88 
90 
87 
88 
95 
88 
89 
90 
90 
90 
88 
91 
89 
89 
91 


Minumam 


63 
63 
64 
64 
65 


63 
64 
63 
65 
66 
66 
67 
66 
66 
65 
65 
65 
65 


Range 


27 
26 
22 
29 
27 
22 
26 
24 
24 
32 
23 
23 
24 
23 
24 
22 
26 
24 
24 
26 


Amount  Precipitation. 


1.20 


.50 


.95 


August  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


90 
89 
90 
90 
90 
89 
91 
90 
91 
93 
87 
85 
90 
90 


93 


64 
64 
65 
65 
66 
67 
65 
66 
65 
65 
66 
65 
65 
65 
66 
66 
66 
66 
66 
66 


26 
25 
25 
25 
24 
22 
26 
24 
26 
27 
21 
20 
25 
25 
22 
22 
24 
26 
22 
27 


2.00 


.90 


.60 
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Table  VII  continued. 


Temperature 

Day 

Maximum 

Minimtun 

Range 

Amoimt  Precipitation 

August  21 

90 

60 

30 

1.00 

22 

92 

60 

32 

23 

90 

61 

29 

24 

88 

61 

27 

25 

88 

61 

27 

26 

89 

61 

28 

27 

89 

61 

28 

28 

90 

61 

29 

29 

90 

63 

27 

.80 

30 

89 

63 

26 

31 

90 

63 

27 

1.20 

September  1 

90 

64 

26 

.80 

2 

90 

64 

26 

3 

88 

65 

23 

.75 

4 

90 

65 

25 

5 

90 

65 

25 

6 

90 

65 

25 

7 

87 

65 

12 

8 

92 

65 

27 

9 

88 

65 

23 

,80 

10 

87 

66 

21 

.85 

11 

90 

66 

24 

12 

90 

66 

24 

13 

80 

66 

14 

14 

89 

66 

23 

15 

89 

65 

24 

.40 

16 

97 

65 

32 

.50 

17 

90 

65 

25 

.55 

18 

92 

65 

27 

19 

91 

65 

26 

1.25 

20 

90 

65 

25 

21 

91 

65 

26 

2.00 
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tive  for  hoolCT/orm  larvae,  while  60  larvae  or  ,2  percent 
of  the  original  number  were  isolated  from  box  8  which 
had  vegetation.   Again,  box  10,  without  veptetation,  under 
dense  shade,  was  negative  after  e.   period  of  2  months,  while 
box  12  with  vegetation  and  within  the  same  environment, 
still  harbored  540  or  ,6  percent  of  the  original  nimber 
of  infective  larvae. 

The  reduction  of  mature  hookvrorm  larvae,  as 
shown  from  the  data  of  Table  VIII,  was  followed  with  the 
unaided  eye  and  with  a  hand  lens.   In  those  boxes  where 
development  had  been  particularly  heavj;-  the  larvae  ap- 
peared in  concentrated  masses  within  the  central  portion 
of  the  surface  of  the  soils  where  the  stools  had  been 
placed  and  appeared  as  hoar  frost  on  the  pebbles  and 
prominent  soil  particles  8  days  after  the  experiment  was 
started.   One  month  after  the  larvae  had  reached  maturity 
a  marked  reduction  was  noted  in  their  numbers,  which  con- 
tinued to  increase  vjith  time  until  no  larvae  could  be  found 
in  this  manner.   In  box  li,  however,  with  vegetation,  and 
in  dense  shade,  a  few  single  larvae  were  found  on  the  surface 
of  the  soil  up  to  the  day  of  final  examination. 

It  is  evident  from  these  data,  (Table  VIII)  that 
a  few  larvae  may  reach  maturity  in  direct  sunlight  but  soon 
perish.   Time  was  not  available  to  continue  these  field  ex- 
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periments  long  enough  to  determine  the  time  of  complete 
reduction  dying  out  of  the  lainrae  in  the  moderate  and 
dense  shade  environments.   However,  the  larvae  from  the 
last  isolations  were  attenuated,  inactive  forms  and, 
.judging  from  previous  observations,  would  have  died 
within  a  short  period  of  time.   That  a  reduction  of 
over  99  percent  may  occur  two  months  after  the  larvae 
have  reached  maturity  is  significant  and  corroborates 
the  results  of  my  earlier  Porto  Rican  experiments  which 
were  started  with  mature  larvae  (see  Table  I). 

Discussion 


VThile  many  of  the  previous  investigators  have 
kept  infective  hookworm  larvae  alive  for  months  and  years 
in  artificial  media  under  laboratory  conditions,  nothing 
was  known  concerning  the  limits  of  their  life  in  soil  under 
natural  conditions  until  an  apparatus  was  devised,  with 
which  the  larvae  could  be  isolated  from  soil  of  considerable 
quantity  (Baerraann,  1917).   By  the  use  of  this  apparatus, 
with  slight  modifications  (Cort,  Ackert  et  al ,  1922),  it 
has  been  possible  to  study  the  larvae  in  their  natural 
environment  and  obtain  definite  information  on  their  life 
soan  under  varying  conditions.   Under  favorable  conditions 
the  length  of  life  of  infective  hookworm  larvae  apparently 
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depends  UDon  the  rate  of  consumDtion  of  the  stored  food 
within  the  intestinal  cells.   This  being  the  case,  we 
may  assiame  that  the  exhaustion  of  this  supply  sets  a  limit 
to  the  life  of  the  individual.  The  length  of  life  then 
depends  on  whether  the  supply  of  food  is  consumed  slowly 
or  ranidly  and  any  factor  or  multiple  of  factors  which 
•would  tend  to  increase  the  activity  of  the  larvae  would 
tend  to  shorten  their  lives.  That  this  factor  actually 
operates  is  suggested  by  the  more  rapid  death  of  the  larvae 
at  higher  temperatures  and  those  subjected  to  alternate 
wetting  and  drying. 

v'/hile  we  have  no  experimental  evidences  it  seems 
probable  that  the  life  span  of  mature  larvae  is  shortened 
by  their  being  washed  about  during  the  frequent  showers, 
which  are  common  in  the  tropics.   It  is  possible  that  they 
become  vmshed  out  of  localities  which  are  favorable  for  their 
existence  into  less  favorable  enviroiiments  where  their  life 
will  be  limited  to  a  few  days.   They  may  also  be  carried  to 
positions  where  they  cannot  be  ricked  up  by  man.   That  mature 
hookworm  larvae  cast  their  protective  sheaths  in  the  soil  is 
significant  in  that  they  are  immediately  rendered  more  sus- 
ceptible to  adverse  conditions,   (Auc^stine,  1923  a)  and 
their  life  shortened.   It  is  generally  supposed  that  mature 
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hookworm  larvae  have  but  few  or  no  natural  enemies.  lHy 
observations,  on  larvae  in  open  v/ater  and  in  water  covered 
soils  in  which  func;i,  bacteria  and  protozoa  were  present 
in  abundance,  suggest  that  such  enemies  may  exist  under 
natural  conditions. 

Probably  one  of  the  most  important  factors  in 
reducing  soil  infestation  is  the  washing  of  the  heavy  rains. 
The  operation  of  this  factor  under  field  conditions  is  well 
illustrated  by  the  situation  of  Area  C  of  the  Porto  Rico 
field  studies  (Cort,  Payne,  and  Riley  *).   This  point  is 
also  illustrated  by  the  shorter  life  of  the  larvae  which 
were  washed  into  the  drains  of  the  cane  area  studied  in 
Trinidad  (Cort  and  Payne,  1922).  The  rapid  drying  of  the 
soil  under  field  conditions  is  also  an  important  factor  in 
the  reduction  of  soil  infestation.   The  importance  of  this 
factor  in  Porto  Rico  is  shovm  by  the  rapid  reduction  of  soil 
infestation  in  Area  A  of  the  Porto  Rican  field  studies  (Cort, 
Riley,  Payne,  and  Hill).*  In  fact,  in  all  the  studies  in  which 
soil  surveys  for  infective  hookworm  larvae  have  been  made,  en- 
vironments which  were  exposed  to  rapid  drying  have  shown  but 
slight  soil  infestation,  even  v/here  there  was  a  heavy  soil 
pollution  from  infected  individuals. 
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This   evidence  on  the  rapid  reduction  of  soil 
infestation  and  the   limited    length  of  life  of  infective 
larvae    in  their  natural  environments,    confirmed  both  by 
laboratory  and   field  experiments,    is   significant    in  hook- 
TTorm  control  work  in  its   relation  to  the   possibilities   of 
reinfestaticn.      This   relationship  has  been  emphasized  by 
Cort    (l922j    in  a  recent   analysis   of  the   factors    in  hook- 
worm control.      It  would   seem  essential  that  the  factor   of 
soil   infestation  should  receive  more   consideration   in  con- 
trol work  and  that   the  control  measures   of  treatment   and 
sanitation  should  be   so   related  to  the   lenj^h  of  life  of 
hookworm  larvae   in  the   soil  that  the      aanger  of  reinfesta- 
tion  woxild  be  reduced  to   a  minimum. 

YJhile  these   data  show  a  rapid   dying  out   of  hook- 
worm larvae  under  tropical  environments,      it    is  well  to 
call   attention  again  to  the  different   results  of  former 
workers  who  have  reported   a  much   longer   span  of   life   for 
mature   larvae  when  kept    in  water,    fecal   cultures,    etc.    in 
temperate  regions,    and  to  the  varietions   found  under   differ- 
ent  conditions    in  my  own  experiments.      It   is  therefore 
necessary  to   increase  the   numbers   of  observations   on  the 
length  of  life  of  hookworm  larvae  under   a  variety  of  condi- 
tions   in  different   parts   of  the  world,    especially   in  temuer- 
ate   and   sub-tropical   climates  before   it  v;ill  be  possible  to 
draw  any  far-reaching   generalizations.      The  evidence  brought 
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out  in  the  Trinidad  and  Porto  Rico  v;ork,  both  from 
laboratory  experiments  and  field  studies  makes  it  seem 
extremely  probable  that  under  tropical  conditions  in 
general,  the  length  of  hookvrorm  larvae  in  the  soil  is 
comparatively  short  and  that  treatment  or  sanitation  in 
any  group  of  people  rapidly  leads  to  a  natural  steriliza- 
tion of  the  soil. 

Suimnary 

1.  Laboratory  and  field  experiments  were  performed  testing 
the  factors  which  influence  the  length  of  life  of  in- 
fective hookworm  larvae. 

2.  In  moist  soils  in  Porto  Rico,  a  few  infective  hookworm 
larvae  lived  for  8  weeks  in  deep  shade  sjid  6  v/eeks  in 
light  shade.   Under  direct  sunlight  an  almost  complete 
dying  out  occurred  within  5  days. 

3.  Infective  hookv»orm  larvae  were  found  to  die  rapidly  in 
water  covered  soils.  The  early  death  of  the  larvae  is 
associated  with  the  presence  of  fungi, bacteria,  and  pro- 
tozoa. 

4.  In  drying  soils  in  dense  shade  a  few  mature  larvae  were 
recovered  one  month  after  the  experiment  was  started. 
In  light  shade,  where  evaporation  of  water  was  rapid, 
all  were  dead  after  about  12  days. 
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5,  The  alternating  drying  and  moistening  of  soils  hastens 
the  death  of  hoolcv/orm  larvae. 

6,  Temperature  has  an  important  bearing  on  the  length  of 
life  of  mature  hookworm  larvae.  At  27°  C.  over  99  per- 
cent of  the  original  number  of  larvae  perished  after  9 
weeks;  at  35°  C.  all  were  dead  vfithin  3  weeks.  V/hen 
larvae  are  exposed  to  cooler  temperatures,  15°  C,  the 
rate  of  reduction  is  considerably  less  than  at  27°  C, 
and  their  length  of  life  is  longer.   0°  C.  was  found  to 
be  unfavorable  for  the  existence  of  infective  hookworm 
larvae  and  they  perished  within  one  week. 

7,  Soils  with  vegetation  are  more  favorable  for  the  develop- 
ment and  life  of  infective  larvae  than  soils  without 
vegetation. 

8,  Environments  exposed  to  direct  sun  of  the  tropics  are 
unfavorable  for  hookv;orm  development  and  the  fevr  larvae 
which  reach  maturity  die  within  a  fev:  days. 

9,  Dense  shade  ai'fords  an  optimtim  environment  for  the  de- 
velopment and  continued  existence  of  mature  hooki.vorm  larvae. 
Approximately  ,6  percent  of  the  original  number  of  infective 
larvae  were  recovered  9  weeks  after  the  deposition  of  a 
stool,  from  an  infected  individual,  upon  the  soil. 

10.  Vk'ashing  of  the  soil  by  heavy  rains  and  the  drying  of  the 
soil,  under  field  conditions,  are  important  factors  in  re- 
ducing soil  infestation. 
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